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Cinematographic Observations of the Total 
Solar Eclipse of June 19, 1936 


By S. GOTO AND M. YAMASAKI 


When on July 4, 1936, at the Tokyo Asabi News Company our films 
of the total solar eclipse of June 19 were shown to the visiting astrono- 
mers from Great Britain, the United States of America, India, Australia, 
Czecho-Slovakia, China, as well as to our Japanese atronomers who 
participated in the observations of the total eclipse in Hokkaido Island, 
we were given applause for our success and were urged to publish the 
results at our earliest convenience for the sake of other astronomers who 
are planning to make the same kind of observations in coming years. It 
is our intention, therefore, to give a brief preliminary account of our 
program and method, as the pictures of corona and flash spectrum num- 
ber some thousands and will still take some months for thorough study. 
The detailed study will be done by Yamasaki later. 

The greater part of the track of the total solar eclipse of June 19, 
1936, passed through the continent of Asia, beginning at the Mediter- 
ranean Sea, passing through Greece, Caucasus, Southern Siberia, the 
northern part of Hokkaido Island, Japan, and ending in the Pacific 
Ocean. The climatical condition in Hokkaido at this time of the year is 
very good if not the best but the meteorological condition can not be 
considered very well as it is the rainy season in Japan proper. The last 
total solar eclipse we had in Japan was 1897 August 29, which passed 
the northern part of Hokkaido Island, the central track being just a 
little southwest of the path of the present eclipse. 

At that time the island was still in a primitive condition but the eclipse 
parties from the United States headed by Professor Todd of Amherst 
College, and Schaeberle of the Lick Observatory, and the party from 
France headed by Deslandres came to the island. Unfortunately, ob- 
servation of the eclipse was prevented by clouds. 

As the present eclipse was the only occurrence since 1897, the general 
public was quite aroused and many professional as well as amateur par- 
ties selected suitable places along the central track. The foreign parties 
also selected the most suitable places such as Kamisyari, Esasi, and other 
places on the coast of Okohotuk Sea. Our party was stationed at the 
school ground in Okoppe, latitude 44° 28’8”’.1 N, longitude 143° 7’ 
30”.4 E, according to the topographical map of the Bureau of the Land 
Survey. There were two railway lines about 100 meters distant from 
the ground, but as the trains did not pass during the totality, it was not 
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any annoyance to us. The personnel of our party was as follows: 


M. Yamasaki, Latitude Observatory, Mizusawa. 

S. Goto, Goto Optical Company, Setagaya, Tokyo. 

T. Goto, Goto Optical Company, Setagaya, Tokyo. 

T. Murakami, Kinzyo Girls College, Nagoya. 

S. Miki, Cameraman, Sinko Kinema, Tokyo. 

S. Hayasida, Cameraman, P. C. L. 

<. Kondo, Sound Recorder, P. C. L., and seven other assistants, 


—_ 


The selection of the station and general direction of the astronomical 
part of the program was mostly done by Yamasaki, and the optical and 
mechanical parts were carried by S. Goto, while Cameraman Miki had 
his part in directing and testing the technical side of filming. He had 
intended to make an educational film from this eclipse. 





Figure 1 
Ecuipse CAMP AT OKoppe, HOKKAIDO 


All of us were to see a total solar eclipse for the first time. Everything 
was carefully planned but the program was quite original. We were 
told that in almost all recent eclipses moving picture cameras were used, 
but we never saw any published reports, short or detailed, nor were we 
told about the method. Therefore, everything was the search in dark- 
ness. The manipulation of the cine-cameras was entirely left to the 
hands of Miki and Hayasida whose abilities in filming are highly re- 
puted. 


The principal instruments used were as follows: 

1. Twin Balbo cine-cameras with specially made telephoto lenses at- 
tached, aperture of the objective 75 mm, focal length 1150 mm, focal 
ratio 1:15, and equatorially mounted with strong driving clock. One 
of the twins was made so as to give one exposure per second and was 
intended to take the eclipse from the first contact to the fourth contact 
throughout in one roll of film. The other of the twins was made so as 
to give 24 exposures per second and was intended to take the pictures of 
inner corona and prominences during the totality starting one or two 
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minutes before second contact. The exposures of the twin cameras were 
made electrically, Miki being in charge. 

2. Bell-type cine-camera mounted equatorially with telephoto lens, 
focal length 700 mm, aperture 100 mm, focal ratio 1:7. This camera 
gave 16 exposures per second and was intended to take the pictures of 
outer corona. 

3. Bamberg sound camera with telephoto lens, focal length 317 mm, 
aperture 58 mm, focal ratio 1:5.6, having an objective prism of 47° 
made of dense flint. This was intended to take the first and fourth con- 
tacts and flash at second and third contacts, with sounds of time signals 
simultaneously recorded. This was under the charge of Hayasida and 
Kondo. 

4. Five meter coronagraph whose aperture was 100mm with 20cm 
coelostat under charge of Murakami. Other accessories were two small 
cameras, wireless time set, sidereal chronometer, chronograph, and a 
5 cm visual telescope. 


Our party arrived at the station at night on June 12, a week before 
the eclipse day, and everything was set in haste in day and night to be 
ready by the eclipse day. M. Yamasaki and his assistant, Kikuti of the 
Latitude Observatory, had their own program and were stationed at the 
other end of the school ground. They had 10cm, f 1:10, coronagraph, 
15cm, f: 3, coronagraph, and 5 cm visual telescope. 

The early morning of the eclipse day was perfectly clear but later the 
clouds appeared and about noon the sky was overcast. It seemed the 
eclipse would end in failure. But when time advanced nearer to the 
first contact, the clouds became patchy and blue sky appeared here and 
there and the sun came out now and then through rapidly drifting 
clouds. The first contact was to occur at 2"8™ 15%, Japanese Standard 
Time. Stop watches were compared at one and two o’clock with wire- 
less time signals. At 2"8™ Goto gave order to start the sound camera 
for first contact and the filming continued for about one minute. The 
other cameras for whole eclipse also started and continued filming. The 
first contact was, however, a failure as the sun was obscured by dark 
clouds. Ten minutes later the eclipsed sun came out in blue sky. At 
this time all our party put on dark eyeglasses so as to make the eyes 
used to the darkness at totality. 

As time advanced, the chances for clear sky at totality became more 
assured as the clouds were thinning out around and following the sun. 
Goto was observing the sun with his 5m telescope and noticed the 
prominences at 3° 19™ 308, about thirty seconds before totality, and gave 
order to start three other cameras. In the field of the telescope at the 
moment when the last of Bailey’s beads disappeared the beautiful corona 
came into view. Order was given to start the 5 meter coronagraph. 
Thirty seconds later the sky around the sun became perfectly clear and 
continued so the rest of the day. 
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The corona was of the sunspot-maximum type and resembled some- 
what a star fish in form. The color was neither white nor green; it was 
rather pale greenish white. There were three large prominences clearly 
visible to the naked eye, but with a telescope five red prominences were 
discernible. At the end of totality the light flashed out suddenly and the 
eclipsed sun appeared as a very beautiful diamond ring and became 
brighter rapidly, the corona disappeared, but the prominences still for a 
few more seconds remained visible. 

A few minutes before and after totality wavelets about ten centi- 
meters apart known as shadow bands moved rapidly wherever the sun’s 
rays fell directly. It was the most peculiar phenomenon. The fourth 
contact could not be filmed by sound camera because of the shortage of 
the film. But it was observed by Yamasaki with his telescope. Thus 





3 21= 398 3" 2i= 49° 
(2° after third contact) 


FIGURE 2 


the long-expected, total solar eclipse in Hokkaido Island, as far as the 
first part of our program was concerned, was successfully concluded to 
the memory of the past. There still remained, however, the second part 
upon which complete success depended, namely, the development of the 
films and plates. Unless the negatives came up to our expectation our 
efforts were null no matter how beautifully the manipulation of instru- 
ments was carried out. 

Immediately after the eclipse was over the films were carried over by 
the Asahi airplane for publication in the newspaper. Development came 
out splendidly. One of the twin cameras failed to work for the whole 
eclipse as the film curled around the shaft inside the camera box, but the 
other camera worked beautifully from the crescent sun before totality 
to the end of the second diamond ring, giving a total of 4226 exposures, 
of which 2354 exposures were during totality. It must be noted here 
that during totality very thin clouds obscured the sun for a short time 
which did not interfere with visual observations in the least. But in 
filming they gave considerable fading for both corona and flash 
exposures. It is most regretted that the corona cine-camera failed in the 
time recording by a mishap, but similar fadings in both films gave very 
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good partial check by comparing the corona film with the flash which 
had very accurate time signals simultaneously recorded. 

In astronomical textbooks such as Young’s we are taught that the 
lines of the solar spectrum, which up to the time of final obscuration of 
the sun remain dark as usual (with the exception of a few belonging to 
the spectrum of the chromosphere) are suddenly reversed, and the 
whole field of view is filled with brilliantly colored lines, which flash out 
quickly and then gradually fade away, disappearing in two or three 
seconds. 

At the outset of our preparation of cinematographic observation of 
the flash spectrum we were skeptical as to the sudden reversal of the 
Fraunhofer lines. We thought that it might be possible to observe the 
gradual reversal of the prominent Fraunhofer lines even if the moon's 
passage over the solar edge is very quick, and that it would not be im- 
measurably rapid by using a cine-camera. Our observations partially 
proved it without doubt. 

The determination of the second contact from the flash film gave 
3" 19™ 58°.4. At 28 seconds before second contact the higher layer of 
the chromosphere gave F line partly reversed. At 3" 19™ 33%, 25 seconds 
before the second contact, higher level of H and K reversed. At 3" 19™ 
5158 most of the longer waves were reversed. At 3° 19™ 525.7, six sec- 
onds before the second contact, all prominent lines were completely re- 
versed. The reversal seems to take place beginning with the longer 
waves, but definite conclusion remains for the further investigations. 
The flash is observable up to ten seconds after the second contact. At 
this point the film is faded away because of clouds. The filming of the 
second flash was started at 41 seconds before the third contact. At 19 
seconds before the third contact the appearance of the faint flash is 
traced. Filming continued up to 2.4 seconds after the third contact un- 
til the film was exhausted. At this point the flash is still beautifully re- 
corded. It is possible that for about 20 seconds more the flash could 
have been observed if the film had been sufficient. 

From these observations it is established beyond doubt that the dura- 
tion of the flash both at the second and third contact amounts to more 
than twenty seconds, ten seconds either way. The best flash obtainable 
at these contacts is within ten seconds, viz., from five seconds before to 
five seconds after the contacts. These facts have overthrown the idea 
that the duration of the flash is only a few seconds. It follows from 
these observations that the thickness of the reversing layer must be con- 
siderably greater than hitherto considered. 

The times of the contacts observed by the sound flash film and Yama- 
saki’s visual observation were as follows: 


Prediction (U.T.) Observation 
i. 5" 8™ 3634 clouds 
2. 6" 19™ 5787 6" 19™ 5834 film 
a 6" 21™ 4687 6" 21™ 4688 film 
4. 7" 26™ 1485 7" 26™ 1185 visual 
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The sky during totality was so bright that only Mars and Venus, 
which were within 3° of the sun, were visible to the naked eye, and the 
faces of the stop watches could be read very easily without any artificial 


light. 


From the results of our cinematographic observations it is suggested 
that in future total eclipses at least two sound cine-cameras, one for 
corona one for flash, simultaneously exposed should be used. Take 
every chance even on board a large steamer and use these cameras by 
applying gyro-mechanism, if possible, to make the observations ; use of 


the sound cameras specially constructed for large films preferable. 


Our thanks are due to the Tokvo Asahi News Company for their gen- 


erosity in sending the joint eclipse expedition to Okkope, Hokkaido 
Island, and for reserving the right of these valuable films for research 


to Goto. Congratulations are due to Messrs. Miki and Havyasida for 


their efforts in adapting these scientific films to the most highly recom- 
mended educational film under the title “Kuroi Taiyo” or “The Black 
Sun,” now publicly exhibited. 


FEBRUARY, 1937. 





The Total Solar Eclipse of June 8, 1937 


By CHARLES H. SMILEY 


In 1879, Simon Newcomb’ discussed the conditions under which a 
solar eclipse would have a maximum duration of totality. He concluded 
his discussion by listing some of the outstanding eclipses which had oc- 
curred during the past thousand years or which would occur in the next 
thousand years. He pointed out that, at the great eclipses of 1832 and 
1850, the position of the solar perigee was unfavorable for maximum 
duration of totality. He suggested that the duration of totality for the 
solar eclipses of 2150 and 2168 would be within a few seconds of the 
maxmium possible. These eclipses of 1832, 1850, 2150, and 2168 all 
belong to the acsending node of the moon’s orbit. Among the solar 
eclipses of long duration occurring at descending node he mentioned 
those of 1955 and 1973 suggesting that they would probably have a dur- 
ation greater than any that have preceded them in the past thousand 
years. 

Recently Mrs. Isabel M. Lewis? of the U. S. Naval Observatory has 
studied this problem using modern data on the moon’s motion. She has 
found that the solar eclipse of August 18, 1868, had a duration of total- 
ity of 407 seconds while those of July 27, 1832, and August 7, 1850, had 
durations of 387 and 405 seconds, respectively. It should be noted that 
the durations given here are those for the most favorable location of the 
observer. The duration of the eclipse of June 25, 2150, she found to be 
434 seconds. Of more interest to us at the present time is her discovery 
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that the solar eclipse of June 8, 1937, will have a duration of totality of 
424 seconds, almost as long as the 426 seconds of the eclipse of June 20, 
1955, and more than the 423 seconds of the eclipse of June 30, 1973. 

From preliminary computations based on the elements in Oppolzer’s 
Canon der Finsternisse, C. H. Smiley and Paul Eberhart*® pointed out 
that the path of totality of the eclipse of 1937, more than 8,000 miles 
long and about 150 miles wide, starts at a point northwest of the Fiji 
Islands, moves northeastward across the equator and then back south- 
eastward, just missing the Galapagos Islands, to end in northern Peru 
at sunset. Unfortunately the only island shown on maps from which 
the eclipse would be seen as total near the middle of the day, Sarah 
Anne Island, is not to be found. The only land crossed by the path of 
totality consists of a few small islands in the South Seas where the 
eclipse will be seen not long after sunrise and the coast region of north- 
ern Peru where it will be seen just before sunset. 

Among the islands within the path of totality are Enderbury and Can- 
ton of the Phoenix group. The former is about two and a half miles 
long and about a mile wide. It is reported to have no anchorage and no 
fresh water and landing would be difficult if not impossible. The sun 
will be about 22° above the horizon at the time of totality and the dura- 
tion will be about 4 minutes. Canton Island is farther from the central 
line and the duration there will be about 314 minutes. This island is 
somewhat larger and higher than Enderbury and the sun will be ap- 
proximately the same altitude. To one of these islands will go an Am- 
erican expedition headed by Professor S. A. Mitchell of the University 
of Virginia. This expedition with its comprehensive program is spon- 
sored by the National Geographic Society and will receive the codpera- 
tion of the U. S. Navy. 

A party of astronomers from New Zealand was reported to be plan- 
ning to go to Canton Island to observe the eclipse. It has been estimated 
that the probability of clear skies there at the time of the eclipse is about 
six-tenths. 

The path of totality crosses the coast of Peru a few miles north of 
Chimbote and continues southeastward passing near Huaraz. Near 
Chimbote, totality will last almost 31% minutes but the sun will be only 
about 8° above the horizon. In June, this part of the coast of Peru is 
almost continually under a bank of fog, the top of which is seldom over 
3,000 feet above sea level. Above this, the sky is almost always clear. 
Dr. S. A. Korff* has suggested that from a point ten to fourteen thous- 
and feet above sea level in the coast range about fifty miles from the 
coast, the probability of clear skies at the time of the eclipse is about 
eight-tenths. 

To this region will go an expedition headed by Dr. Clyde Fisher of 
the American Museum of Natural History. Of this party, Dr. John A. 
Miller of Swarthmore College and Dr. Serge A. Korff of the Carnegie 
Institution will photograph the corona with long-focus cameras from a 
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point in the coast range southeast of Chimbote. In the same vicinity, 
Dr. Charles H. Smiley of Brown University will attempt to photograph 
the outermost parts of the corona with an f/1 Schmidt camera using 
heavy red filters. Dr. Clyde Fisher, Miss Dorothy A. Bennett, and Mr, 
Coles of the American Museum of Natural History will locate near 
Cerro de Pasco with photographic and photometric equipment. It has 
been reported that a Japanese expedition will also locate in northern 
Peru. 

It might be pointed out that due to some erroneous reports, several 
astronomers have decided not to try to observe the eclipse from Peru. 
For instance, in the Handbook of the British Astronomical Association 
for 1937, the map showing the path of totality indicates that the path 
will not reach the South American coast while the verbal description ac- 
companying the map says that the eclipse “‘is visible only over the Pacific 
and, at low altitude, on the coast of Chile, near Iquique.” 

Though it is unfortunate that this splendid eclipse is so poorly located 
for observations, astronomers may look forward to the eclipse of June 
20, 1955, which will not only have a greater duration but will also be 
well located for observation. 

REFERENCES 

(1) On the Recurrence of Solar Eclipses, Astronomical Papers of the Ameri- 
can Ephemeris, Vol. I, pp. 7-55, 1879. 

(2) Some Notes on the Total Solar Eclipse of June 8, 1937, Publications of 
the American Astronomical Society, Vol IX, pp. 9-10, 1937. 

(3) The Total Solar Eclipse of June 8, 1937, Publications of the Astronomi- 
cal Society of the Pacific, Vol. XLV, pp. 33-34, 1932. 

(4) Observing Conditions in Peru for the Eclipse of June, 1937, Publications 
of the American Astronomical Society, Vol. IX, p. 9, 1937. 


PASADENA, CALIFORNIA, Aprit 1, 1937. 





THE STAR-GAZER 


One thinker gazed upon the distant sky 

Until he dreamed the Cosmos’ mystic dream. 
He watched the “Pageant of the Stars” go by 
And caught the faint and fascinating gleam 
Of island universes, nebulae. 

He sensed the music of the whirling spheres 
And saw the footprints of Eternity 

On pathways of the onward moving years. 


And when from this remote, celestial play 

He turned to mingle with his fellowmen, 

The beauty of the far-flung heavens lay 

A radiant veil about him and again 

Diffused its splendor on the path he trod. 

And through the portals of the thoughts he penned 
Terrestrials glimpsed the majesty of God, 

Of spirit worlds, of joy which has no end. 


—Lisa ODLAND. 
2649 35th Ave. So., Minneapolis, Minnesota. 
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Driving Back the Dark’ 


By ROBERT GRANT AITKEN 


It was my good fortune, fifteen years ago, to walk for a time in the 
steps of Galileo. At Pisa, I climbed the leaning tower from whose sum- 
mit he gave his famous demonstration of the laws of falling bodies; at 
Florence, I had the privilege of holding in my hands and of looking 
through his little “optic tube,” the first telescope directed upon the heav- 
enly bodies ; at Padua, I wandered through the halls of the 700-year old 
university where for eighteen years he carried on his researches and de- 
livered his lectures before audiences that not uncommonly numbered 
2000 students coming not only from Italy but from all parts of Europe; 
in Rome, I stood within the old church Santa Maria sopra Minerva 
where he made formal recantation of heretical doctrines ; and at Arcetri, 
I was admitted to the house and garden where he passed his later years. 

For me, this experience will remain an ever memorable one, because 
Galileo, who insisted that every theory must be put to the test of ob- 
servation, who said not merely “come and hear” but also “come and 
see,” more truly than any of his predecessors or contemporaries was the 
forerunner of the modern astronomer. Throughout the ages until the 
night when he first scanned the heavens with his little telescope, man’s 
universe had been limited by the blue canopy covering the motionless 
Earth. Within that canopy were the Sun, the Moon, the five bright 
wandering stars, a few thousand “fixed” stars, and through it plunged 
an occasional comet or falling star, sent as a warning by an angry God; 
beyond it lay darkness, the darkness of unknown outer space. Galileo 
was the first to open the canopy of the heavens and drive back the dark. 

To set the heavens wide open and drive back the dark, back even to 
the outmost “marches and strongholds of space”; that is the astrono- 
mer’s objective, and the successive generations of the followers of 
Galileo, armed with more and still more powerful equipment, have been 
constantly pressing on toward it, sometimes swiftly, sometimes at more 
plodding pace, but ever onward, though even today they have not 
reached their goal and the retreating dark still challenges their advance. 

Their progress in the years, during which the Young Ladies Seminary 
of Benicia of 1852 grew and developed into the Mills College of today, 
has been at an unprecedented and ever accelerating pace so that they 
have gone forward farther in that brief period than in all the preceding 
centuries. It is the story of their triumphant advance in these years that 
Ihave been asked to tell you tonight. but it is evident that it cannot be 
told in full. In the introductory note to his book “The Hundred Years,” 
Philip Guedalla says, “I have not tried to cover the whole area of the 





*Delivered at Mills College, Oakland, California, on March 17, 1937, as one of 
a series of addresses before the School of Science, celebrating the 85th anniversary 
of the founding of the institution which became Mills College. 
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century with a complete and continuous chronicle of its crowded 
course, but rather to throw a light bridge of selected narrative across 
the chasm of a hundred years.” 

In like manner all that I shall try to do this evening will be to give you 
an impressionistic sketch of some of the broad roads and narrower trails 
along which the followers of Galileo have travelled, with some incidents 
of their journey and some hints of the fascination of the great adven- 
ture. 

Those who entered upon it did not think of themselves as adventurers 
engaged in driving back the dark. They were completely engrossed in 
the study of special objects or classes of objects—the Sun, the planets, 
the stars, and the nebulae. They were collecting data on their positions, 
motions, numbers, distances, their various physical properties, data of 
every kind that might be classified, and, later, rationalized by some great 
generalization or theory that would at the same time provide a basis for 
prediction and guide and stimulate further observation. 

Their record, at the time our special story opens, was a brilliant one. 
Not only had they carefully surveyed the solar system,—the dramatic 
discovery of the planet Neptune in 1846 testifying alike to the accuracy 
of their observations and to the degree of refinement they had reached 
in the development of the theory of planetary motions based upon the 
Newtonian law of gravitation—but, as Galileo’s original optic tube and 
Newton’s first one-inch speculum were gradually replaced by more and 
more powerful telescopes, they had also penetrated deeply into the 
greater system of the stars, bringing into view tens of millions of stars, 
of descending grades of brightness, which the unaided eye can never see. 

These stars, they found, were not fixed but were all in motion, very 
slowly changing their positions on the face of the sky, and the Sun it- 
self was moving among them in a well-defined direction. They were not 
all single stars, many thousands of them were double stars, pairs of 
stars indissolubly united by the bonds of their mutual attraction; they 
did not all shine with constant light, many of them varied in brightness, 
in short cycles precisely repeated, or more slowly and less regularly. 
Here and there dozens or scores or hundreds of stars were found 
grouped in clusters like the Pleiades, or sometimes more compactly, as 
in the globular cluster in Hercules. And intermingled with stars and 
star-groups were thousands of objects called nebulae from their pale, 
cloudlike light, mostly small and fairly regular in form, but not infre- 
quently, along the Milky Way, revealing amazingly irregular and com- 
plicated outlines. And all of these stars, bright and faint, single or 
double, shining steadily or with variable light, “instead,” in Sir John 
Herschel’s words, “of being scattered indifferently through space, form 
a stratum the thickness of which is small in comparison with its length 
and breadth,” the longer diameters lying in the plane of the Milky Way. 

Even the age old problem of measuring the distance to a star had at 
last been solved and approximately accurate values for the distances of 
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a few of the nearer ones had been determined, providing final proof of 
the truth of the Copernican doctrine that the Earth revolves about the 
Sun, and making it clear that the stars must be bodies like the Sun, shin- 
ing by their own light and that the Sun itself is but a star. Were the 
Sun to be removed to the distance of even the nearest stars it would, 
like them, become a mere point of light, no brighter than a star of the 
first magnitude. That this was true had, indeed, become more evident 
with each successive failure to measure the distance to a star, but its 
practical value for the extension of our knowledge of the nature of the 
stars was slow to be realized. 

It is indeed a record of great achievements but it must be pointed out 
that it is a record of work relating not to the stars themselves but to 
their positions, motions, and distances, to the mechanics of the stellar 
system and not to its physical nature. So far the astronomers had been 
working practically alone, using the telescope and the calculus, and 
ignoring the physicists and chemists, though they, too, were driving back 
the dark in their respective fields, gradually bringing to light the secrets 
hidden in the molecule and the atom. 

About the middle of the nineteenth century, this condition began to 
change. Astronomers, physicists, and chemists began to see the advan- 
tage of joining forces in their attacks upon the problems of the universe, 
the astronomers profiting by instruments and theories developed in ter- 
restrial laboratories and, in turn, opening to the physicists and chemists 
vast celestial laboratories in which to put their theories to the test of 
observation under conditions of temperature and pressure beyond their 
power to secure here on the Earth. The astronomers, too, were begin- 
ning to realize the need of coéperation with each other, for it was be- 
coming apparent that only by such codperation could they accumulate 
the vast masses of data on the positions, numbers, motions, distances, 
and the various physical attributes of the stars required as the basis for 
generalizations and theoretical investigations that would bring more 
fully into light the structure and the physical nature of the universe. 

The change from the older to the newer attitude that heralded the 
opening of the modern era was, as all such changes are, a gradual one. 
In a general way one may say that the older conception that astronomy 
was concerned only with measures of positions, motions, and distances 
still held almost exclusive sway in 1852, when the Young Ladies Sem- 
inary of Benicia was opened, and that the conception of a new astrono- 
my, concerned with the physical nature of the heavenly bodies, had 
achieved definite recognition by 1871 when the school was moved to 
Oakland and became known as Mills Seminary, though it was not until 
long after 1885, when the Seminary became Mills College, that it at- 
tained its present dominant position. 

To set a more specific transition date is well-nigh impossible for there 
are so many important dates to select from. Shall we take 1850, the 
year in which the elder Bond at Harvard secured a daguerreotype of the 
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Moon with the 15-inch refractor and also photographed the bright star 
Vega ; 1851, the year in which Humboldt published Schwabe’s discovery 
of sunspot periodicity ; 1863, when Secchi classified the brighter stars 
according to their spectra, or 1864, when Huggins demonstrated that 
certain of the nebulae are not unresolved star clusters but are vast 
masses of tenuous gas? All of these observations and many others in 
this transition period were epoch-making, but, if a single date is desired 
as boundary mark, I should advise no one of them but rather the year 
1859, for it was in that year that Kirchhoff and Bunsen formulated the 
principles of spectrum analysis and that Kirchhoff began to apply them 
to the analysis of sunlight. 

This great generalization, as epoch-making in its way as Darwin’s 
“Origin of Species’ which was published in the same year, had no 
Minerva-like birth; rather, it was the product of slow growth and de- 
velopment, like the corn from the seed in the Gospel parable, ‘‘first the 
blade, then the ear, after that the full corn in the ear.” Sir Isaac New- 
ton, it may be claimed, sowed the seed when, nearly two hundred years 
before, he for the first time clearly established the fact that sunlight 
passed through a glass prism under proper conditions will be decom- 
posed into rays of light of different coiors, which caught upon a screen 
produce the band of colored light, from violet to red, known as a spec- 
trum. The growing plant through biade to ear was nourished by Mel- 
ville, Wollaston, Fraunhofer, and a host of other experimenters who 
studied the spectra of sunlight and starlight and of incandescent gases 
in observatories and laboratories. But the development of the full corn 
in the ear came only with the decisive experiments of Kirchhoff and 
Bunsen, and their formulation of principles on the basis of these experi- 
ments in 1859. Armed with the spectroscope to apply these great prin- 
ciples to the analysis of the light from the Sun, the stars, and the nebu- 
lae, concentrated by the telescope upon the spectroscope’s tiny slit, our 
adventurers in driving back the dark now pressed forward with ardent 
zeal to the exploration of the well-nigh illimitable field of astronomical 
physics, a field that even great astronomers as well as the positivist philo- 
sopher Comte had but a few years earlier declared to be forever closed 
to the intellect of man. 

The spectroscope, in effect, ignores distance. Let but light, sufficient 
to affect the eye or to make its imprint on a photographic plate, fall upon 
the slit and pass through its optical train and it will analyze that light 
with equal efficiency, whether it comes from a laboratory source a few 
feet away or from the most distant object in our stellar system. If the 
source is a star, a body like the Sun with a hot core surrounded by a hot 
luminous atmosphere, the dark line absorption spectrum proclaims the 
fact ; if it is a gaseous nebula, a vast mass of luminous vapor under low 
pressure, the bright line emission spectrum reveals it. If hydrogen or 
helium or sodium or any other element in gaseous form exists in the 
atmosphere of the star or in the nebula the characteristic line pattern of 
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each element, dark in the solar or stellar spectrum, bright in that of the 
nebula, makes its presence unmistakable. 

But that is only part of the story. A luminous substance, it presently 
appeared, may, when the physical conditions and in particular the tem- 
perature, are varied, give a variety of spectra, each perfectly definite and 
characteristic of its chemical composition, and the lines in each spectrum 
may, moreover, be split or shifted by the action of certain physical 
forces, or by the motion of the body. The wealth of physical data thus 
put within our reach is beyond all computation. The spectrum of a star, 
for example, records its temperature, its density or degree of mechanical 
pressure, the presence or absence of a magnetic field, even the fact that it 
isa rotating body. The relative intensities of certain lines in the spec- 
trum measure the star’s true luminosity, or the total amount of light it 
emits, and thus permits us, by comparison with its apparent brightness, 
to say how far away it is. Again, the shift of the lines from their nor- 
mal positions toward the violet or toward the red end of the spectrum 
gives a measure of the star’s velocity in the line of sight, toward or away 
from us, in miles or kilometers 1 second. “It is,” to quote Professor 
Dingle, ‘as though a star th the whole secret of its being into its 
spectrum, and we have only to learn how to read it aright in order to 
solve the most abstruse problems of the physical universe.” 

While the spectroscope is far the most important instrument for the 
advancement of knowledge in this great field, it is by no means the only 
one and, in fact, it must itself be combined with the photographic cam- 
era to realize its full possibilities. A visual observation of a spectrum is 
at best a fleeting one; the observer notes its quality and characteristics 
or with the aid of a micrometer measures the positions of the lines in it; 
then the image for that time is gone. But if a sensitive plate or film re- 
places the eye, then a permanent record is made that can be examined 
and measured under a microscope time and time again far more accur- 
ately than is possible with the eye alone, and that can be reproduced at 
will for study by others than the original observer. The range and the 
degree of sensitivity of the eye are also limited. The rays of light in the 
far violet on the one end of the spectrum and in the extreme red on the 
other make no impression upon the retina, and light even of the inter- 
mediate colors may be too faint to impress it or so brilliant as to dazzle 
it. The photographic plate, on the other hand, by the use of appropriate 
dyes, can be made sensitive to light of any color. Moreover, a very 
short exposure on a slow plate will give a sharp spectrum of the bright- 
est light and the property the plate possesses, of storing up the minute 
quantities of light that fall upon it and thus deepening the impression 
made from minute to minute, permits the astronomer to record the 
spectrum from exceedingly faint stars or nebulae merely by lengthening 
the exposure time to many hours. 

It was fortunate indeed that the principles of photography were being 
developed at about the same time that the principles of spectrum analysis 
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were being worked out. Some experimental photographs of the Moon 
were made by Henry Draper as early as 1840, Bond, as we have already 
said, photographed the Moon and the bright star Vega in 1850, and 
Draper, again, in 1872, secured a photographic spectrum of Vega show- 
ing four dark Fraunhofer lines. But it was not until the dry plate came 
into use that the full possibilities of the spectrograph began to be appre- 
ciated. Sir William Huggins, for the first time, used a dry gelatine 
plate in 1876 to photograph the spectrum of Vega, an operation then re- 
quiring a full hour’s exposure time though the light from the brilliant 
star was concentrated on the slit of the spectrograph with an 18-inch 
reflecting telescope. 

Armed with the spectrograph to analyze light, with the photometer to 
measure its intensity, long focus and short focus cameras to record the 
images of the heavenly bodies in detail or en masse, and, as time went 
on, with many other special instruments, our eager adventurers now 
wandered far and wide over this great new field, examining objects near 
and far, and, as they advanced, cloud after cloud of darkness rolled away 
before them, revelation followed revelation with startling rapidity. 

On the one hand they began to study the Sun intensively with special 
forms of telescopes and spectrographs, for they now came fully to 
recognize the fact that the Sun, of supreme importance to us as human 
beings because it is so near us, is, from the cosmic point of view, but an 
ordinary star, differing in no essential feature from thousands of others 
known to us. Its nearness permits us to examine its features, sunspots, 
faculae, prominences, corona, in detail; to study variations in pressure, 
in temperature, in strength of magnetic and electric field, even to meas- 
ure the relative abundance of the chemical elements present in its at- 
mosphere at different levels, thus affording knowledge to be kept in mind 
when analyzing the integrated light received from the more distant stars. 

On the other hand, as they pressed forward, they demanded ever 
more powerful telescopes to penetrate more deeply into space, and it 
was their good fortune that the progress made by their fellow adven- 
turers in the fields of electrical and mechanical engineering and the 
mechanic arts made it possible to meet their demands. The 15-inch re- 
fractors of 1850 were succeeded by improved refractors of 18, 26, 30, 
36, and 40 inches aperture; the unwieldy and relatively inefficient re- 
flectors of speculum metal gave way to the modern equatorially mounted 
reflectors of glass coated with silver and these grew in size to 20 inches, 
36, 60, and even 100 inches, the largest, receiving on its surface and con- 
centrating at its focus more than 150,000 times as much light as falls 
on the pupil of the unaided eve. And now the silver coating is being re- 
placed by the still more effective coating of aluminum and a giant 200- 
inch reflector is in process of construction. 

These new and powerful instruments helped not only the followers of 
the new astronomy but were of almost equal value to those engaged up- 
on the problems of the older astronomy of stellar positions, motions, and 








~~ 


— » 


-— ogo 








| 
) 
1 
1 
$ 


, 











Robert Grant Aitken 247 


distances. Indeed, the boundary between the fields of physical astrono- 
my and dynamical astronomy is as vague and ill-defined as that separat- 
ing the older from the newer era. It was, for example, the measures of 
the orbital motions in visual double star systems, combined with the 
measures of the distances of these systems, that brought us our first ac- 
curate knowledge of the masses of the stars. Again, the measures of 
the relative intensities of certain lines in a star’s spectrum, in conjunc- 
tion with researches in terrestrial laboratories, gave us knowledge of the 
star’s true luminosity, the total amount of light it actually emits, and this 
knowledge, combined with measures of the star’s apparent brightness, 
told us how far away the star is. 

So the adventurers in the new field joined forces with those already 
at work in the old, as well as with their colleagues working in terrestrial 
laboratories. This spirit of codperation is, in fact, one of the funda- 
mental characteristics of modern astronomy, and it is in very large 
measure responsible for the progress that has been made. For, as I 
have already said, it is only by the cooperation of many men and many 
institutions that the great masses of data can be accumulated which, 
carefully analyzed, largely by statistical methods, lead on to new gener- 
alizations, new theories, new advances in knowledge. It is always a 
matter of interest to know the position, motion, and distance of any par- 
ticular star, whether it is a single star, or a component of a double star 
or of a star cluster, what its spectral characteristics are and whatever 
one can find out about its temperature, its luminosity, its mass, its densi- 
ty. But it is only when we have accurate measures of these properties 
for hundreds or thousands of stars and are enabled thence to work out 
methods for deriving like values, statistically accurate, for even greater 
numbers of stars, grouped according to some common characteristic, 
that we advance our knowledge of the universe. 

As early as 1867, a group of astronomers from many nations agreed 
upon a plan for observing the accurate positions of all stars in the 
northern sky as bright as the ninth magnitude, about 130,000 in all, each 
man vouching for the observations at his observatory of the stars in a 
particular zone around the sky. This plan, later extended to cover the 
entire sky, from pole to pole, was carried out, and the observations are 
now being repeated, partly at other observatories, to determine the min- 
ute changes in position which reflect the motions of the stars in the in- 
terval between the two sets of measures. 

A more ambitious international program was inaugurated in 1887, 
when astronomers from all parts of the world, meeting in Paris, under- 
took, by codperation, to prepare a photographic chart of the heavens on 
a uniform scale, to show all stars to the fourteenth magnitude, 20 million 
or more in number, and to make catalogues of the accurate positions of 
about one-tenth of them. 

In like manner, astronomers in our own country and abroad are codp- 
erating in a program to measure stellar distances and, in recent years, 
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have twice codperated in a great program to measure more precisely the 
distance from the Earth to the Sun, a distance which is known as the 
astronomical unit, the astronomer’s measuring rod. Indeed, voluntary 
cooperation, formal or informal, is the rule in all astronomical work. 
Further, when an object is discovered, a nova or a comet, for example, 
that will be visible but for a short time, word of the discovery is immed- 
iately flashed to astronomers all over the world, that all who will may 
jOin in its observation. Thus, when Nova Herculis was discovered in 
December, 1934, astronomers all over the northern hemisphere were able 
to begin observations of it within 24 hours, and when an astronomer in 
Poland, on February 27 of this year, discovered a new comet, it was ob- 
served on that night and the nights immediately following, at various 
observatories in Europe and America, and on the basis of these ob- 
servations the astronomers at the Students’ Observatory, in Berkeley, 
promptly computed its orbit though they themselves had been prevented 
by clouds from even seeing it! 

It is through the use of such powerful instruments and by such close 
cooperation of astronomers with their fellow astronomers and with the 
adventurers in other fields of science that we have reached our present 
concept of the great stellar system to which our Sun belongs. For the 
ten million or, at most, one hundred million stars envisaged by astrono- 
mers when California became a state, we now count fully 30,000 million, 
scattered singly, in pairs, or in groups through a region of space so vast, 
that, in Sir James Jean’s graphic comparison, space is less filled with 
stars than St. Paul’s great cathedral is filled with flies when but a half a 
dozen are liberated at different points within it; we have fairly accurate 
measures of the distances, motions, luminosities, temperatures, and 
masses of thousands of the nearer of these stars and values that are 
statistically reliable for millions more and know, that, with a few fascin- 
ating exceptions, all of these stars, large and small, bright and faint, ten 
times as hot as the Sun or of such low temperature that they glow only 
with feeble red light, fall into well-defined categories, and that, despite 
the inconceivably great volume of space through which they are scat- 
tered, they constitute a finite system built on the general plan adumbrat- 
ed in the theories held by astronomers in Sir William Herschel’s day. 

For the stars, single, double or multiple, or grouped in open clusters 
like the Pleiades, the great irregular nebulosities like the Orion nebula, 
and that cloud of incredibly tenuous light-scattering and light-absorbing 
material which, as we have lately discovered, fills the vast spaces be- 
tween the stars, all tend to concentrate toward the central plane of the 
Milky Way. It is a lens-shaped system, the diameters of whose central 
plane are perhaps six times its thickness and are so great that light may 
take one hundred or possibly even one hundred and fifty thousand years 
to pass from bound to bound of the Milky Way. 

And notwithstanding its stupendous dimensions and its infinite variety 
of content, it is an organic unity. The building blocks are the same 
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throughout. The light from the farthest stars within it reveals no new 
chemical element, gives evidence of the existence of no forces not 
known to us here; and the whole, gigantic system, as we have recently 
discovered, is rotating about its center, in a period of about 220 million 
years. 

" Far indeed have the followers of Galileo gone, driving back the dark 
before them, until this whole vast stellar system has come into the light; 
but even so they are not satisfied ; indeed, there never was a time “‘since 
ever the Earth began” when they were so eager to press forward to new 
light as they are today. There are dark spots still to be explored even in 
our solar system, and more, far more, in the great stellar system. They 
are probing into these with telescopes large and small and with all the 
auxiliary instruments modern ingenuity can devise and they will not be 
content until the last dark spot has yielded up its secrets. 

Nor are they content with merely reaching the boundaries of our 
stellar system ; they want to know what lies beyond, hidden in the dark- 
ness of outer space, and they are pressing forward to find out. This is 
the great adventure of the present day, for it is only within the past 
decade or two that powerful telescopes and more potent methods of 
using them have made it possible to penetrate the outer dark. 

The story of this latest adventure, which in the revelations it is mak- 
ing is comparable with the one on which Galileo and his successors em- 
barked more than three centuries ago, has a prologue that dates back to 
1750, when Thomas Wright of Durham, an English instrument maker 
and private tutor, assuming the uniformity of Nature, put forward on 
purely speculative grounds an original theory of the universe, which, 
five years later, was elaborated by the great philosopher, Immanuel 
Kant. According to this theory, our great stellar system is but one of 
many scattered through infinite space, some of which are even revealed 
to us in the nebulae which were beginning to be discovered. The theory 
found confirmation in the researches of the Herschels who not only 
catalogued thousands of nebulae but showed that the great majority 
were small, elliptical objects, which, it was later found, do not, like the 
stars, tend to crowd toward the plane of the Milky Way, but rather to 
avoid it. Many of these, moreover, the powerful reflectors of Sir Wil- 
liam Herschel and of the Earl of Rosse resolved into clusters of faint 
stars. Others, including the few which the Earle of Rosse found to 
have a definite spiral structure, were thought to be unresolved simply be- 
cause they were too distant. 

This “island universe” theory, so prophetic of recent actual discov- 
eries, was generally accepted as late as the time when Mills Seminary 
opened its doors in Seminary Park in 1871, but in the later decades of 
the nineteenth century it was practically abandoned, and every object 
visible in the telescope was regarded by astronomers generally as part of 
one great stellar system. 

It was Keeler who laid the foundations for its revival when, in the 
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paper prepared just before his death in 1900, he estimated, on the basis 
of his photographs taken with the Crossley reflector of the Lick Ob- 
servatory, that no less than 120,000 faint nebulae were within the reach 
of that telescope and that most of them were spiral or elliptical in form, 
adding that in his opinion these were facts of great significance in 
theories of cosmogony. To find out how significant, we must first know 
the distance of these nebulae and that means that we must have a 
plummet line long enough to sound the abysmal depths of space in 
which they lie. The story of its discovery is one of the many fascinat- 
ing romances of astronomy. 

Who, in his sober senses, would ever dream that pulsating stars, vary- 
ing in their brightness in a particular manner, could give us any in- 
formation of the distance of the Great Nebula in Andromeda and of 
other nebulae still farther away? The type star of this class, Delta 
Cephei, was discovered by John Goodricke, a deaf mute who died in 
1786 at the early age of 22 years. Its characteristics are a rapid rise 
from minimum light to maximum, a slower decline to minimum again, 
the star at maximum being nearly twice as bright as at minimum, and 
the accurate repetition of this pulsation, both in the degree of light 
change and in its period, which is 5 days, 8 hours, 47 minutes and 
35.3056 seconds, and, as Kipling would have said, you must not forget 
that fraction of a second, for it is accurately computed. A dozen or two 
stars are known in our stellar system which have precisely the same 
characteristics of rapid rise in brightness to a maximum of two or even 
four times the minimum light, the slower fall to minimum again and the 
accurate repetition of the variation, in periods so short as to be measured 
in days, not months. All of them are so far away that it is extremely 
difficult to measure their distances with precision and all of them, ac- 
cordingly, must be stars of great intrinsic brightness. 

Now it has been found that there are many such Cepheid variables in 
the Magellanic Clouds, and, while engaged in measuring the brightness 
of a number of those in the Smaller Cloud on photographs taken on dif- 
ferent nights, Miss Leavitt of Harvard Observatory noticed, in 1908, 
that the brighter the star at its median point between minimum and 
maximum light, the longer the time required to complete its cycle of 
light variation. Four years later she was able to say that this period- 
luminosity relationship was a definite mathematical one. But the re- 
lationship must be a physical characteristic of stars of this type, because 
we may say that all of the stars in the Cloud are practically at the same 
distance from us, just as we may say that Trafalgar Square and the 
Tower of London are at the same distance from us here in this hall to- 
night. It follows, from the uniformity of Nature, that the same rela- 
tionship applies to all Cepheid variable stars wherever they may be 
found, and that, therefore, if we can ascertain the true luminosity of 
any one of them, we shall be able to measure the luminosity of all of 
them by determining the period of light variation accurately. Then by 
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comparing this, their true luminosity, with their apparent brightness, we 
shall be able to say how far away they are. Such determinations were 
made for some of the Cepheids in our own stellar system, approximate- 
ly at first, and then more accurately, and our plummet line was ready 
for our use. 

The Great Nebula in Andromeda and a number of others can be par- 
tially resolved into stars and groups of stars by the powerful 100-inch 
reflecting telescope, and many of these stars prove to be Cepheid vari- 
ables showing the same period-luminosity relationship as those in the 
Magellanic Clouds. But they are so faint as to be almost at the limit of 
the power of that great telescope and must therefore be very distant. In 
fact, we find that light from the Andromeda Nebula, travelling at the 
rate of 186,000 miles a second, takes 680,000 years to reach us, and that 
others of the nearer nebulae are more distant still. 

The distances of these nearer nebulae once established, other criteria, 
besides the Cepheid variables, were soon developed to measure the dis- 
tances of nebulae more remote, until, relying always upon the uniformity 
of Nature, it has been possible to set a value of 240 million light years 
upon the distance of the remotest nebula so far measured and to say that 
the faintest and most distant nebula visible with the 100-inch telescope is 
approximately 500 million light years out in space! Double that value 
to give a diameter of nearly 1000 million light years to the volume of 
space now partially brought into the light! 

Surveys made with our powerful modern reflectors indicate that no 
less than 100 million nebulae, 100 million stellar systems, many of them 
quite comparable in size and in splendor of content with our own great 
Milky Way system, are scattered through this prodigious volume of ob- 
servable space. Like the stars in our stellar system, they occur singly, 
in pairs, in smaller groups or in larger clusters, but just as the stars in 
our system are, on the average, separated from each other by distances 
of the order of 5 or 6 light years, so these great stellar systems, on the 
average, are separated from each other by distances of the order of two 
million light vears. 

Observations of the shift of the lines in their spectra indicate, more- 
over, that they are all in motion, travelling away from us with veloci- 
ties far greater than those of the stars and velocities that increase with 
their distance from us. If we may rely upon the criterion for velocity 
measurement that holds true for the radial velocities of the stars in our 
own system, namely, that the greater the shift of the lines toward the 
ted, the greater the speed of travel away from us, this means that the 
universe as a whole is expanding, every system in it increasing its dis- 
tance from every other system. If this is not the case, then some hither- 
to quite unknown property of space is operating to slow up the velocity 
of light as it speeds toward us through space for millions of years. 

Small wonder that astronomers long for the completion of the great 
200-inch reflector which will penetrate twice as far into space as the 100- 
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inch, give us a volume of space to explore eightfold larger than the one 
now open to us, resolve more distant nebulae into stars, and thus permit 
us, working always in the spirit of Galileo, to put our present results 
and theories to the test of further observation. 

And when shall come the end? When will these adventurers in driv- 
ing back the dark rest content? Never! As long as Earth endures and 
Sun and stars continue to shine, so long will the followers of Galileo 
march on toward new light 


“No deep-sct boundary-mark in Space or Time 
Shall halt or daunt them. Who that once has seen 
How truth leads on to truth shall ever dare 
To set a bound to knowledge?” 
Marcu 10, 1937. 


Expedition to Observe the Eclipse of 
June 8, 1937 


Plans are well formulated for the National Geographic Society-U. S. 
Navy expedition to observe the eclipse of June 8. The leader of the ex- 
pedition is Professor S. A. Mitchell, director of the Leander McCor- 
mick Observatory of the University of Virginia. He will be assisted by 
Captain J. F. Hellweg, superintendent of the U. S. Naval Observatory, 
who will have charge of the navy’s participation. Others in the party 
ave: De. FP. A. McNally, director of the Georgetown University Ob- 
servatory, Dr. Theodore Dunham, Jr., of Mt. Wilson Observatory, Dr. 
Irvine C. Gardner, National Bureau of Standards, Professor F. K. 
Richtmyer of Cornell University, John E. Willis, Naval Observatory, 
Charles G. Thompson, president of the Foundation for Astrophysical 
Research, Charles Bittinger, artist from Washington, D. C., a National 
Geographic Society photographer, and two radio engineers of the Na- 
tional Broadcasting Company. 

The party will leave California by passenger steamers late in April, 
and will leave Honolulu on May 6 with equipment and supplies on board 
U.S.S. Avocet, an aviation tender. The expedition will locate on Ender- 
bury or Canton Island of the Phoenix Group. The naval vessel will re- 
main at anchorage in order that the sailors and officers may assist in the 
erection of the instrumental equipment. 

At totality the sun will have an altitude of 22°, five degrees higher 
than the 1925 January 24 eclipse so widely observed in New York and 
New England. The comprehensive program of observations will con- 
sist of several novel features. The corona will be photographed in color 
by Dr. Gardner using three different techniques, Mr. Bittinger will 
paint the corona, Dr. McNally and Mr. Willis will take direct photo- 
graphs during totality and also during the partial eclipse for times of 
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contacts. Dr. Mitchell, Dr. Dunham, and Mr. Thompson will look after 
the spectroscopic program, Dr. Richtmyer will measure the polarization 
and also the radiation of the corona. Motion pictures of the progress 
of the eclipse from first to fourth contact will be obtained by Mr. Stew- 
art, photographer of the National Geographic Society. 

In spite of distance and isolation the eclipse will be broadcast over the 
coast to coast network of the National Broadcasting Company. Four 
tons of radio equipment will be taken for this purpose. There will be a 
total of fifteen broadcasts from the expedition which began on March 
30 and will culminate on the day of the eclipse, June 8. The schedule of 
those yet to come, four already having occurred at the time of printing, 
is as follows: 


Broadcast No. 5. Thursday, May 6, 1937, 5:00-5:15 p.m., E.D.S.T. Red Net- 
work. Subject: “The Eclipse Expedition Weighs Anchor.” Entire program from 
deck of U.S.S. Avocet at Honolulu. Dr. Gilbert Grosvenor, President, National 
Geographic Society, Gov. Poindexter of Hawaii, Admiral Orin G. Murfin, Com- 
mandant, Navy Yard, Pearl Harbor, and Dr. S. A. Mitchell will speak. Appro- 
priate Hawaiian music as background. 

3roadcast No. 6. Monday, May 10, 1937, 9:00-9:15 p.m., E.D.S.T. Blue Net- 
work. Subject: “At Sea with the Eclipse Expedition.” Mid-ocean auditions from 
the U.S.S. Avocet. Members of the expedition personnel and ship’s crew—prepar- 
ations for “Crossing the Line.” 

Broadcast No. 7. Sunday, May 16, 1937, 4:00-4:15p.m., E.D.S.T. Red Net- 
work. Subject: “The Eclipse Expedition Arrives in the South Seas and Chooses 
Its Island.” Broadcast to be direct from the Island and will include general de- 
scription of the landing of the expedition, the weather, flora and fauna, birds, 
marine life, etc. 

Broadcast No. 8. Saturday, May 22, 1937, 7:45-8:00 p.m., E.D.S.T. Red Net- 
work. Subject: “The Eclipse Expedition at Home in the South Seas.” Aca- 
demic discussion by scientific personnel and general discussion and interesting side- 
lights by non-scientific personnel. 

Broadcast No. 9. Tuesday, May 25, 1937, 10:00-10:30p.m., E.D.S.T. Blue 
Network. Subject: “News from Home” and “Entertainment for the Eclipse 
Exiles.” Program opens in New York with music (seven minutes) and press 
radio news (five minutes). Program then shifts to Washington where eight min- 
utes will be devoted to National Geographic Society messages to the expedition 
and personal messages to the individuals. Program returns to New York for ten 
minutes of music and variety. 

Broadcast No. 10. Sunday, May 30, 1937, 10:00-10:15p.m., E.D.S.T. Blue 
Network. Subject: “The Eclipse E suadiiion ‘Celebrates Decoration Day in the 
South Seas.” Reporting news items from the expedition, interesting observations, 
and personal messages from the individual neater. Rev. Paul A. McNally to 
close with a prayer. If there is a bugler on board the Avocet, he is to blow taps 
in memory of the Nation’s heroic dead. 

Broadcast No. 11. Tuesday, June 1, 1937, 10:00-10:30r.m., E.D.S.T. Blue 
Network. Duplicate of Broadcast No. 9. 

Broadcast No. 12. Monday, June 7, 1937, 7:45-8:00 p.m., E.D.S.T. Blue Net- 
work. Subject: “Dress Rehearsal for the Fctiess. * “Roll call and a quick report 
from each member as to his final preparations. 

Broadcast No. 13. Tuesday, June 8, 1937, 1:00-1:15 p.m., E.D.S.T. Blue Net- 
work, This program to be a preliminary to the main program (which will follow: 
several hours later) primarily for the purpose of establishing contact channels 
for the principal broadcast. Announcer George Hicks will make a general com- 
mentary, discuss the weather, etc. 

Broadcast No. 14. Tuesday, June 8, 1937, 3:15-3:30 p.m., E.S.D.T. Blue Net- 
work. Subject: “Description of the Total Eclipse of the Sun po the Area of 
Totality in the South Seas.” Announcer George Hicks and scientists. 
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Broadcast No. 15. Tuesday, June 8, 1937, 10:45-11:00r.m., E.D.S.T. Red 
Network. Subject: “What the Eclipse Expedition Saw.” Ten minutes devoted to 
a brief report to the National Geographic Society by Dr. S. A. Mitchell and his 
scientific staff, following which the program shifts to Washington where National 
Geographic Society officials reply for five minutes. 





Photograph of Sunspots 


By WILLIAM M. KEARONS 


The enclosed photograph of the sun was taken in the afternoon on 
Monday, February 22, 1937, using an Alvan Clark 4-inch refracting tele- 
scope and a 614 x 8% old-time Corona camera with a compur shutter 
without lens. The hour was 1:22 E.S.T., immediately following a few 





PHOTOGRAPH TAKEN FEBRUARY 22, 1937, AT 1:22 p.M., E.S.T. 


hours of rain which I believe contributed towards the result obtained. 
An Eastman commercial film 5x7 in sheath was used, time 1/25th sec, 
and a red A filter. 

Particular care was taken in order to get sharpness and detail of um- 
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bra and penumbra in the groups and the surrounding faculae by atten- 
tion to the focusing in center of aperture and having the camera and 
telescope in true alignment. 

The unusually large number of sunspots noted in January continued 
to appear during February also. This photograph is one of a series of 
groups which appeared on the sun’s east limb about February 17. These 
were followed by the very large spot which crossed about February 23- 
March 7 and was plainly visible with unaided eye. 
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A Photometric Investigation of the 
Variability of Plate Errors for 
Red and Blue Stars 


By MAYNARD F. JORDAN 


This investigation has been attempted in view of the results obtained 
from an examination of thirty irregular variables of spectral class K 
using plates taken at the Harvard College Observatory (cf. H.B. 831). 
The table given in H.B. 831 shows that for sixteen of the variables the 
maximum variation does not exceed 0“.4. The magnitudes of the vari- 
ables were obtained by comparison with stars of known magnitudes in 
the immediate neighborhood, the scale being derived from a Harvard 
Standard region. In choosing the comparison stars no attempt was made 
to select stars of approximately the same color index as the variable. 
Since the plates covered, in general, the period from 1899 to 1923 it 
seems likely that the color sensitivity of the different plates used might 
vary, giving rise to an apparent small variation in magnitude, especially 
if the stars considered have widely different color indices. A considera- 
tion of the error, which are likely to occur in the estimated magnitudes 
using the method referred to above, showed that in general the errors 
would not exced 0.2. 

As a preliminary step red and blue artificial stars of wave-lengths 
about 6800 and 4500, respectively, were photographed simultaneously at 
the Harvard Astronomical Laboratory. The artificial stars were formed 
by allowing light, the source of which was a storage battery, to pass 
through two circular holes of the same diameter placed close together. A 
red and a blue filter were placed between the holes and the light. The 
filters were adjusted so that the two images on a plate were approxi- 
mately the same size. The length of the exposures were regulated by a 
pendulum placed in front of the circular holes. It was possible to hold 
the pendulum automatically at one end of its swing and in this position 
no light could fall on the plate. The plate holder was constructed so 
that it was possible to get a large number of exposures on each plate. 
A value was determined for the various images by comparison with an 
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arbitrary scale. The scale reading of the red star was subtracted from 
that of the blue star for each star pair, and this difference was put in 
terms of magnitudes. It was found that discrepancies amounting to 
more than a magnitude existed when different brands of plates were 
used, and the differences were nearly as large in the case of the same 
kind of plates with a different numbered emulsion. The length of ex- 
posure, the kind of developer, and the time of development were the 
same for all the plates. 

While these differences seemed larger than could possibly be expected 
in the case of real stars, nevertheless further investigation seemed de- 
sirable. Fifteen plates exposed for twenty seconds were taken by the 
author using the two-foot reflector at the Harvard College Observatory. 
Seven plates of thirty and sixty seconds exposure were taken by a mem- 
ber of the observatory staff. The two stars compared were H.D. 203550, 
photographic magnitude 8.2, and spectral class A, and H.D. 203265, 
photographic magnitude 8.3 and spectral class M. The method of esti- 
mating the difference in magnitude for the two stars for the various 
plates was the same as in the case of the artificial stars. The accom- 
panying table shows that for the plates exposed for twenty seconds a 
maximum difference of 0.4 exists for Cramer Hi-Speed plates, while 
the maximum difference considering all brands of plates is O“.5. Using 
Cramer Presto plates exposed for thirty seconds the maximum variation 
is only about 0“.1 while for the same plates exposed for sixty seconds 
the difference is 0™.5. 

Additional information was obtained in 1931 from plates taken with 
the six-inch doublet at the Perkins Observatory. Three plates were 
selected, the time of exposure being twenty minutes in each case. The 
treatment of the plates and the method of obtaining the magnitude dif- 
ferences were the same as in the case of the Harvard material. Eighteen 
stars were selected near the center of the plate and the magnitude dif- 
ferences obtained by subtracting the value for each star from DM 2111, 
2108, and 2128, respectively. 

On comparing the results in tables 3, 4, and 5, it will be seen that the 
maximum variability for the two speedway plates with emulsion number 
2915 is O“.3 for the three cases. When the three speedway plates are 
used the maximum variation is 0“.5 for group 3, 0™.4 for group 4, and 
0“.4 for group 5. The maximum difference when the Eastman 40 plates 
are taken into account is 0“.6 for group 3, 0O“.5 for group 4, and 
0.7 for group 5. 

The variation in the case of the artificial stars is no doubt due to dif- 
ferences in the color sensitivity of the plates, and the large range is 
probably the result of the narrow bands of wave-lengths which pass 
through the red and blue filters. While in many cases the discrepancies 
for the star images are larger than the accidental errors, there seems to 
be no correlation with differences in color indices. It seems, however, 
that this method cannot be employed with certainty if the variation is 
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less than half a magnitude. 


PLATES TAKEN AT THE HARVARD COLLEGE OBSERVATORY 


Exp. 20° Exp. 30° Exp. 60° 
Plate Emulsion No. A—M A—M A—M 
M 
Cramer Hi-Speed 25705 +0.33 
e Bi 25649 0.59 
25467 0.69 
25663 0.51 
25569 0.54 
25519 0.75 
25569 0.53 
is 25591 0.66 
Eastman 40 1054 0.66 
Wellington 9045 0.64 
Seed 27 6848 0.86 
Seed Graflex 6552 0.46 
Cramer Presto 25569 0.51 
Speedway 1051 0.61 
“6 1259 +o 51 M M 
Cramer Presto 26049 +-{). 43 +0.23 
is . 26259 0.51 0.76 
26153 0.41 0.51 
25923 0.51 0.48 
25997 0.38 0.51 
; ‘5 26083 0.48 0.28 
Cramer Hi-Speed 25893 +0.48 +0.61 


PLATES TAKEN AT PERKINS OBSERVATORY 
Exposure 20 min. 





D.M. No. Ptg. M. Type D.M. No. Ptg. M. Type 
2068 8.6 F; 2123 10.0 K, 
2112 8.7 K, 2121 9.5 G, 
2111 8.6 Ay 2128 9.2 A, 
2108 8.9 -# 2135 10.3 G; 
2111 8.3 F, 2127 10.5 x. 
2110 8.9 Fs 2114 8.2 A, 
2126 8.3 F, 2116 9.5 G, 
2115 10.2 K, 2084 9.6 G; 
2139 8.6 F, 2072 8.6 G, 

PLATES TAKEN AT PERKINS OBSERVATORY 
Exposure 20 min. 

Emulsion No. 2919 2915 2915 2338 
Plate Speedway Speedway Speedway East. 40 

M M M M 

2111 - 2068 an); 7 0.2 il). ] _ F 
“« -2112 —).5 —-0.3 —(}.4 —0.4 
- 2111 0.0 0.0 0.0 0.0 

* -2108 —§},2 0.0 0.1 —0.1 

~ «gaan +0.7 +0.8 +0.9 0.6 
“  - 2110 —0.2 —0.3 —0.2 +0.1 
“« -2126 +0.4 4+0.6 +0.5 10.3 
~ «e0ao —1.0 —1.0 —1.0 a | 
“  - 2139 +0.2 +0.4 +0.6 1().2 
- 2123 —0.9 —).9 —A).9 —).6 

« -2121 —).8 0.5 0.3 —0.3 
= ~713 —0.6 if} 3 ——=f) 4 —0.1 
© «= Zu35 —().8 —).7 —0.5 —{().4 
~ = 2igy —1.0 —0.8 —).7 —0.5 
“ -2114 —).1 0.0 —0.1 +0.1 
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Plate 
Emulsion No, 


2111 - 2116 
- 2084 
- 2072 
2108 - 2068 
“  -2112 
- 2111 
- 2108 
“ #2001 
*  -2110 
“= 2126 
- 2115 
- 2139 
- 2123 
~ 2121 
- 2128 
- 2135 
- 2127 
- 2114 
“* -2116 
“  - 2084 
“ = 2072 
2128 - 2068 
* =Z012 
- 2111 
- 2108 
- 2111 
- 2110 
- 2126 
- 2115 
- 2139 
- 2123 
* = Zeer 
“  -2128 
- 2135 
- 2127 
“ -2114 
« -2116 
“ - 2084 


- 2072 
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By WALTER H. HAAS 
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A Method of Investigating Lunar Changes 


In spite of evidence to the contrary accumulated in recent years by a 
number of observers, especially by Professor William H. Pickering, the 
old idea of a moon where nothing ever happens persists. 
the changing angle of incident sunlight has been offered as an explana- 
The changes, however, are in themselves 
of interest and well deserve more study than they have been receiving. 
This article hopes to introduce to selenographers a new method of in- 
vestigating these changes. 
The generally pursued line of attack has always been the careful de- 


It is true that 
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lineation of detail in restricted regions on the moon. This usually means 
drawing some single crater for several months, attempting to scatter 
drawings enough to have an accurate picture of the crater under all 
angles of incident sunlight. The method, however, has its drawbacks, 
especially for observers placed in such unfavorable stations as those in 
our northern states. The atmosphere is a considerable obstacle at such 
a station, and really good nights for observing are almost unknown. In 
addition to atmospheric difficulties, each observer may find planetary 
or lunar delineation itself problem enough. The inexperienced observer 
need feel no surprise if the results of his first month’s work on an object 
are meager and disappointing. The subjective errors of different eyes 
are also large. There can be little doubt that objective detail may be 
easy for some eyes and difficult or impossible for others. Such differ- 
ences do not reflect on the relative merits of the individual observers, 
but they do make the securing of objective results difficult. 


The author proposes to use another method, not yet generally em- 
ployed so far as he knows, that of making careful intensity or bright- 
ness estimates of marks suspected of change. 

Such a method has two distinct advantages over the old method: It 
is more objective, and it is less affected by the conditions of the atmos- 
phere. Two observers need not agree on the shape or size of a mark to 
estimate its intensity, and they can estimate the intensity of a mark when 
the moon’s image is trembling so much that drawings would be impos- 
sible. We may also consider it likely that changes do not often occur 
without changes in intensity occurring at the same time. The spread of 
a dark area, such as Professor Pickering observed in Eratosthenes, is 
really a decrease in the intensity of the regions next to the dark area. 
Changes in bright spots are best considered as changes in intensity. 
While studying colored areas on the moon, the author found that color 
changes and intensity changes often go hand in hand. Changes in the 
shapes of marks can be regarded as changes in the intensities of adjoin- 
ing regions. 

The method has several disadvantages, however, which we must also 
consider. The chief obstacle is the choice of areas to which intensity 
numbers can be assigned. On the standard scale of zero to ten, we may 
call normal sections of maria four and shadows zero. But shadows are 
not always present, and we need more than one fixed point on a scale. 
Areas constant in intensity are rare on the moon. Most bright spots are 
brightest under a high sun, but some are dimmer. Spots which are con- 
stant are apt to be vague. The choice of comparison spots which are 
constant at certain times during the lunar day will depend upon the in- 
genuity of the observer. If the crater has already been studied, certain 
standards may be arbitrarily selected. 

Another difficulty with the method is the desirability, almost the neces- 
sity, of a preliminary study of the crater. This is required to ascertain 
what marks are subject to change and what kinds of changes should be 
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watched for. Such a preliminary study must be conducted by drawings 
and is the work of a number of months. 

The third difficulty is the impossibility of detecting changes in size or 
shape of marks by this method; we have seen, however, that such 
changes may be regarded as changes in intensity and are often associat- 
ed with changes in intensity. 

Our final section shall deal with the way in which the author has ap- 
plied this method. This procedure is not inviolate and may be changed 
if desired. The author has proceeded in five steps. The first four steps 
are the preliminary study alluded to above. 

1. Make a composite map of the crater showing all marks seen in all 
drawings, rejecting such marks as are probably illusory. 

2. Make a table of the marks seen, showing at what times each mark 
was seen and what its intensity (indicated by a number on the original 
drawing) was each time it was seen. In making the table, it may be well 
to divide the lunar day into eighteen parts or intervals of twenty terres- 
tial hours each. 

3. Prepare from the table a list of comments on each mark. It will 
soon be obvious what marks are subject to change. 

4. Plot intensity-curves for marks suspected of change. The intensi- 
ty-values, expressed to tenths of a unit, may be obtained for each inter- 
val by taking averages of the intensity estimates in that interval. It may 
be well to smooth these averaged values by adding them to the values 
for the interval before and the one after the interval under consideration 
and dividing the result by three. 

5. Make a more careful study of the intensity of the mark. Attempt 
to determine the shape of the intensity-curve as closely as possible. Is 
the intensity ever at a maximum or a minimum? Does this maximum 
or minimum come at noon? If not, how far from noon? When is the 
intensity increasing and when decreasing? 

A careful study of lunar marks suspected of change, conducted in 
this way, may lead us to results of great interest and significance. 
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Planet Notes for June, 1937 


Note: All times, unless otherwise stated, are Central Standard Time. 


The Sun will continue its northeasterly course until June 21, the date of the 
summer solstice which marks the season of the longest days in the northern 
hemisphere. After that it will move slowly southward and eastward during the 
remainder of the month. Its course will take it through Taurus and well into 
Gemini. At the close of the month the earth will be approaching its greatest dis- 
tance from the sun for the year. 
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The phenomena of the oon will occur as 
Last Quarter June 
New Moon 
First Quarter ae P.M. 
Full Moon i P.M. 
The moon will be nearest the earth for the month on June 8 and farthest from the 
sun on June 20. 

Mercury will be west of the sun throughout the month and south of it until 
near the end of the month. It will reach a point of greatest elongation west on 
June 6. On this date the planet will be more than an hour and a half west of the 
sun, but, because it will be about eight degrees south, it will rise before the sun 
by an interval somewhat less than that in north latitudes. Nevertheless, on and 
near this date Mercury will be visible near the eastern horizon just before sunrise 
for those who are wiling to search for it at this unfavorable hour. Its position on 
that day will be approximately 3" 20" and +14° 40’. Mercury on this date will be 
a short distance southwest of the Pleiades, 

Venus, like Mercury, will be west of the sun and also south of it throughout 
the month. It will reach its point of greatest elongation west on June 27. It will 
therefore be a bright morning star during June, and especially conspicuous during 
the latter part. One does not need its coordinates to locate it, as it will be the 
brightest object in the sky. At the time of greatest elongation its magnitude will 
be approximately —4.0. 

Mars, although situated twenty degrees south of the equator, will still be fair- 
ly well situated even for northern observers. At the middle of the month it will 
be just east of the meridian at sunset in mid-northern latitudes. Its motion will be 
slowly westward (retrograde) throughout the month in the constellation Libra. 
It will be approaching the earth until the middle of the month, after which it will 
be receding, and its average magnitude will be about —1.5. 

Jupiter will be about four and a half hours east of Mars, in the constellation 


Capricornus, and will likewise be moving slowly westward. It will be visible most 


of the night. The distance between Jupiter and the earth will be lessening during 
this month. Its magnitude will be —2.2. 


Saturn will be at quadrature, six hours west of the sun, on June 26. This 
means that it will rise about midnight and, therefore, be observable during the 
early morning hours only. It will be in the constellation Pisces. 

Uranus will rise a few hours before the sun, Its position on June 15 will be 
2" 39", +15° 04’. It will be near the boundary line between Pisces and Taurus. 

Neptune will be at quadrature, six hours east of the sun on June 7. It will, 
therefore, be on the meridian about sunset, and will be observable in the evening. 
On June 15 its position near the boundary between Leo and Virgo will be 11"11™, 
+6° 24’. 





Asteroid Notes 


By HUGH S. RICE 


VESTA AND JUNO 
There will not be very many good opportunities to observe Vesta at this ap- 
parition, as this planet is being overtaken by the sun, and comes to conjunction 
early in July, so that in May it can be seen after sunset low in the western sky. On 
May 1 its position is about 2° northwest of the star 6Geminorum, magnitude 8.0, 
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As to Juno, if it were not for the fact that this object is particularly faint at this 
time, it would be a good minor planet to observe with a small glass. The magni- 
tude is 10.0 during the latter part of May. It passed the opposition point near the 
end of March, when it was brighter, but not nearly so bright as its average oppo- 
sition magnitude (8.7). On May 10, its position is about 24° east-northeast of 
v Virginis; it passes very near ™ Virginis on June 7, and is about 4° east-southeast 
of 7 on July 1. It seems to be moving toward Messier 61, where it will be about 
July 9. Messier 61 is a spiral nebula, N.G.C. 4303, and is 6’ in diameter, according 
to Stuker’s Stern-Atlas; faint, with a bright center, according to Webb’s Celestial 
Objects; and very bright, very large, getting very suddenly brighter in the middle, 
with a star, and bi-nuclear, as noted in Dreyer’s New General Catalog. 
CERES AND PALLAS 

Giant asteroid 1, Ceres, will be still a morning object in eastern Aquarius for a 
number of weeks. On May 10 its position is 22" R.A., and —20° Decl., or about 
6° southeast of 6 Capricorni, with magnitude 8.6. As it does not come to opposi- 
tion until August, we propose to publish a chart of its apparent course in the 
August-September issue of this periodical. On May 14, 2 Pallas is very close to 
23° 
north-northwest of this star, with magnitude 9.4. In the June-July issue we ex- 
pect to show a chart of its course for several weeks in the early summer. 


5 Sagittae in the arrow itself; by June 3 it will have arrived at a position 
S - . 


FAINTER ASTEROIDS 

As is well known, there are innumerable other minor planets besides the first 
four above. Leuschner estimates that over 5000 have been picked up telescopically 
by astronomers at different times, but vast numbers of them have been lost because 
of insufficient observational data. Of the 5000 the orbital elements of 1380 were 
well enough known at the end of last year that the Astronomisches Rechen-Institut 
could offer short ephemerides of them around opposition time. More of them are 
known of 13th magnitude than of any other magnitude-group, with 14th magnitude 
coming very close. Every year, “new” asteroids are discovered ; at first it may not 
be known whether they are really new ones or old ones that have once been found 
but have been lost since discovery, and it is the work of the Rechen-Institut to 
compute the elements and identify as many as possible with planets whose orbits 
are known. In the year 1936, according to the list in the Beobachtungs-Zirkulare 
der Astronomischen Nachrichten, there were no less than 237 “new” planets dis- 
covered, of which many are being gradually identified. When all possible doubt 
is removed, and they are found to correspond with no known planets, they are 
called new ones, and afterward permanent names are given to them. Near the be- 
ginning of the 1936 list appears asteroid 1936 CA, which is one of the most inter- 
eting celestial objects known. It was erroneously called Anteros, and later was 
given its permanent name Adonis. It is known to come nearer to earth than any 
other planetary object. 

The best asteroids to observe besides the Big Four, for small telescopes, are 
the following four, whose ephemerides are given below, as computed by the Astro- 
nomisches Rechen-Institut. These were all observed at the last apparition by 
Meyer at Rutherford, New Jersey, and he reports that, since the residuals on all 
of them were small, they should therefore foliow predicted paths very accurately. 
129 Antigone was discovered on February 5, 1873, by Peters at Clinton, New 
York; it was then 10“.5 and was observed until June 13. Computations by per- 
turbations were discontinued after 1897 so that positions for 1909 were erroneous, 
and about this time the planet was picked up and thought to be a new one. Later, 
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Stracke corrected the elements in order to satisfy observations of about 20 years, 
so that the ephemerides have been much more accurate since then. Antigone comes 
to opposition May 24, and is of brightness 8™.9, It will be found in the southeastern 
part of Serpens Caput with no bright stars very near it. 

511 Davida, of magnitude 10.5, is about 4° north of € Serpens Cauda on May 
26, in the Milky Way. This planet was discovered by Dugan at Konigstuhl on 
May 30, 1903. It then had the same magnitude as it has now. The asteroid 
20 Massalia is nearer the ecliptic, a little west of the region of many star-clusters 
and nebulae of Sagittarius. It has been observed more or less since September 19, 
1852, when it was discovered by de Gasparis at Naples; it was then of 9™@.0, In 
an interesting part of the Milky Way near the dipper of Sagittarius is 9 Metis, an 
asteroid whose discovery dates back to April 25, 1848, when Graham found it at 
Markree. Innumerable computers have worked on it. During May and June 
these four are the easiest to find, of planets belonging to those magnitude-groups, 
except one other, 516 Amherstia, of 9™.2, which is reserved for southern observers, 
as its declination touches —44° 39’, 
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129 ANTIGONE 8™.9 20 Massati1a 9M9 
a 6 a 6 
h m , h m 
May 3 16 16.2 —) 5 May 27 17 46.9 22 35 
11 16 11.3 +() 28 June 4 17 39.4 22 30 
19 16 5.4 +() 48 12 iy 31.3 on ao 
27 5 59.1 +0 54 20 17 22.9 22 15 
June 4 15 53.0 +0 42 28 17 15.0 Ze UF 
12 15 47.6 +0 15 July 6 17 8.0 —22 0 
511 Davina 10.5 9 Metis 9™.5 
a 6 a 6 
h m fe , b 
May 27 17 34.4 —l12 28 June 4 18 46.2 —26 8 
June 4 17 28.4 —12 35 12 18 39.4 26 34 
12 iy 22.2 —12 46 20 18 31.5 26 59 
20 17 16.0 —13 1 28 18 22.8 —27 20 
28 17 10.0 —13 19 July 6 18 14.1 —27 37 
July 6 iy 4.5 —13 40 14 18 6.0 27 50 
Hayden Planetarium, American Museum of Natural History, 
New York City, April 21, 1937. 
OCCULTATION PREDICTIONS 
(Taken from the American Ephemeris) 
OccuLTATIONS VISIBLE IN LoNncitupE +72° 30’, Latirupe +42° 30’. 
IM MERSION———-—— —EMERSION 
Green- Angle E Green- Angle E 
Date wich from wich from 
1937 Star Mag. oe A a b N Gir. a b 
h m n I h m m m 
June 28 ~=c* Cap 5.3 3198 —06 +2.4 35 4 16.3 0.9 +1.1 283 
28 c* Cap 6.2 3 494 —08 +1.2 104 4455 —09 +24 210 
29 207 B.Aqr 64 7 40.0 —19 +10 78 8 55.5 12 +1.6 216 
30 k Psc 49 5 39.7 —06 +2.0 55 6 48.2 —1.1 +1. 248 
30 9 Psc 64 5443 —.09 +15 89 6 448 —0.7 +2.2 213 
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OccULTATIONS VISIBLE IN LonGiTUDE +91° 0’, LatitupE +40° 0’. 
20 EO 


June 2 BD—2°5858 6.4 10 35.3 —0.9 +24 25 11 43.0 —23 +03 270 
3 9 Psec 5.3 8 53.3 —0.3 +25 23 945.8 —14 +09 281 
2 29 Cnc 5.9 2594 —02 —09 74 3 41.7 +04 —2.0 328 
14 19 Sex 59 3 04 —05 —19 129 413 —03 —16 284 
15 BD+0°2728 61 4345 —02 —2.5 156 5 19.5 —0.1 —1.0 252 
16 13 B.Vir 58 4575 —06 —08 70 5 45.3 —0.3 —2.6 335 
17 q Vir 5.4 2 30.00 —27 +02 64 3 215 —08 —3.2 350 
29 207 BAqr 64 7 87 —12 +18 62 8 25.2 —1.5 +1.5 238 
30 Kk Pse 49 5278 —0.2 +2.0 51 6 27.5 —0.6 +1.5 259 
30 9 Pse 64 5 30.7 —0.2 +1.5 85 6 28.0 —0.4 +2.0 224 


OccuULTATIONS VISIBLE IN LoNGiTUpE +120° 0’, LatitupE +36° 0’. 
June 2 BD—2°5858 6.4 10 12.9 a .. 347 10 30.5 320 
? 


1 13 B.Vir 58 423.1 —18 —12 99 5 38.4 —10 —2.4 318 
17 q Vir 5.4 1215 —16 —0.7 126 2498 —2.0 1.0 301 
21 5 Sco 2.5 10 30.3 —10 —1.8 115 se. Meio - ee tae 
29 207 B.Aqr 64 6416 —0.2 +19 59 7 44.3 —0.7 +1.5 255 
30 =16 Psc 5.6 10 32.2 = -« ts &@ 2s 171 


The quantities in the columns a and 0 are given for the purpose of making 
these predictions useful for any place within 200 miles of the point indicated, 
The procedure is as follows: Subtract the longitude of the point given from 
the longitude of the place in question; multiply the result, in degrees, taking the 
signs into account, by the quantity under a for the star to be observed; similarly, 
with the latitude, using b; apply the sum of the products, with its proper sign, to 
the Greenwich C.T., and obtain the predicted Greenwich Civil Time for the phe- 
nomenon at the place of observation. To obtain Eastern Standard Time it is 
necessary to subtract five hours; Central Standard Time, six hours, etc. 








Comet Notes 
By G. VAN BIESBROECK . 


New Comet? On April 8 Professor Baldwin of the Melbourne Observatory 
informed the central bureau of astronomical telegrams at Copenhagen of the dis- 
covery of a comet by W. F. Gale of Sydney (Australia) : 

1937 April 6.5 U.T. R.A. 16° 13" 30° Decl. —20° 27’ 

Magnitude 10 Motion eastward 
The region was explored April 9 by the writer but no trace of a cometary object 
could be found. An object as bright as magnitude 10 would have been picked up 
easily if it had been situated near the position indicated by the telegram. Neither 
the discoverer nor any other observer seems to have succeeded in confirming the 
subsequent presence of the object. It may be noted that on the date given the 
planet Mars was within 8 minutes of arc of the announced position. It seems 
hardly possible that W. F. Gale, who is a veteran in the field of comet discovery, 
would have been misled by a “ghost” from the bright planet. Possibly there was 
some serious error in the telegraphed position. Anyway the object remains uncon- 
firmed after two weeks. 


Comet 1937 b (WHIPPLE) is the only one which is left accessible to ordinary 
instruments of those that were discovered earlier in the year. It has shown a well- 
defined stellar nucleus which makes observations easy. This nucleus is located 
near the apex of the coma which extends into a tail at least 10’ in length (April 
12) in a direction opposite to that of the sun. The total magnitude is close to the 
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figure given in the ephemeris on page 225 which is extended here for the months 
of May and June: 


EPHEMERIS OF CoMeEtT 1937 b (WHIPPLE) 


1937 a 5 —Distance from— 
wus. saute P Sun Earth Mag. 
May 3 14 22 15 +60 35 
7 <a 60 26 1.304 1.816 8.4 
11 24 10 60 6 
15 25 26 59 37 1.296 1.786 8.3 
19 27 0 58 58 
23 28 55 58 9 1.287 1.762 8.2 
27 31 10 57 10 
31 33 47 56 2 1.277 1.742 8.2 
June 4 36 47 54 44 
8 40 9 53 16 1.266 1.729 8.1 
12 43 53 51 39 
16 47 59 49 53 1.258 1.722 8.1 
20 52 24 47 58 
24 1457 9 5 54 1.253 1.722 8.1 
28 15 2 10 3 42 
July 2 3 7 +41 23 1.253 1.728 8.1 


On April 20 the correction of the ephemeris was —19* and —5’ according to a 
measure by the writer. The comet will be easy to follow during the coming 
months. It will pass from Ursa Major into Boétes and remain nearly constant in 
brightness during this period. 


Comet 1937 c (W1LkK-PELTiER) has rapidly lost in brightness. On April 9, I 
found it reduced to a very diffuse round coma of total magnitude 11; the appar- 
ent diameter was about 10’ and there was so little condensation toward the center 
that under high power the object became invisible. On April 12 the brightness was 
reduced to 12M. The visibility will not extend very much longer. 


Periopic Comet GricG-SKJELLERUP is still awaiting to be recovered. Perihelion 
is expected around May 22 and the conditions of visibility improve. The search 
ephemeris is continued here from the Handbook of the British Astronomical As- 
sociation: 


a 5 —Distance from— 
a Was . Sun Earth 
May 3 7 8.3 + § 50 0.953 0.657 
7 7 21.5 10 10 
11 435.8 11 38 .924 595 
15 y Si.3 13 14 
19 8 &3 15 0 909 583 
24 8 27.0 16 56 
27 8 47.6 19 2 .910 .475 
31 9 10.5 21 16 
June 4 9 36.3 +23 36 0.927 0.425 


On April 11 I looked in vain for the object near 
eris, 


the position given by the ephem 


Williams Bay, Wisconsin, April 20, 1937. 
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METEORS AND METEORITES 


Meteor Notes from the American Meteor Society 
By CHARLES P. OLIVIER, President 


Since our annual report appeared two months ago certain additional records 
of observations have come from various sources, especially a detailed report from 
the N. Illinois-Wisconsin group. Briefly, we have had 6 fireballs reported for 
1936, and 22 more telescopic meteors, the latter by: L. Armfield, Milwaukee, 
Wisconsin, 4; Wm. Callum, Chicago, Illinois, 5; J. O. Hassler, Norman, Oklaho- 
ma, 5; and John McNeill, Evanston, Illinois, 8. For general work, G. B. Skinner, 
Brockton, Massachusetts, observed 3 nights and recorded 25 meteors, and a group 
at Smith College Observatory, Northampton, Massachusetts, on one night plotted 
81 Leonids. The revised and detailed data for the Milwaukee Astronomical Soci- 
ety and coOperating persons (i.e. the N. Illinois-Wisconsin group) follow: 


Nights Meteors 





Abrahams, R., Milwaukee, Wisconsin ............ 3 446 
EOE. F<, ECM, SETIIOEB: a oin'6 vice v.csnwaieie eco 9 147 
Dredrick, G. Cicamo, TMI. 0.6 vc nna cccscccses 22 128 
Kendall, K., Milwaukee, Wisconsin .............. 46 944 
Keumah, M., Milwaukee, Wisconsin ............. 24 183 
Schmid, J., Milwaukee, Wisconsin ............... 25 103 
Trimmier, Miss M., Chicago, Illinois ............ 44 306 
ie EE IIR 0 twa cinsos ak dunes b-dulSiecaneion.e 395 

2 RE SP oer ELTON Te eT ET eee Lene 


It is most regrettable that no report has yet come from two of our active 
groups. 
Table I contains radiants. The first four, A.M.S. Nos. 1673-1676, were by 
C. P. Olivier, at the McCormick Observatory, Virginia; all the rest, Nos, 2940- 
2974, are by M. Geddes of Otekura, New Zealand, the radiants being deduced by 
R. A. McIntosh. 
TABLE I 


A.M.S. No. of 
No. Date 1900+ a 5 Meteors Wt Remarks 
1673 25 12 10.81 110°6 +32°0 6-7 Good Geminids 
1674 25 42 32.71 108.7 +32.1 14 Good Geminids 
1675 26 4 20.8 270.0 +36.8 8 Good Lyrids 
1676 Zi 6 27.7 275 —12 4 Fair 
2940 33 7 1.58 324.8 —14.6 4-5 Good 
1 $3 7 138 331.4 —12.8 4-5 Good 
2 34 4 15.48 107.2 —66.9 1 Good Stationary 
3 6 14.57 268 .0 —19.0 8 Good 
4 8 1.54 343.5 —17.0 9 Good See 1522 
5 8 6.61 324.0 —62.0 4-5 Good 
6 8 6.61 333.5 —13.0 5 Good See 2632 
7 8 6.61 345.5 —15.0 6-7 Poor 5 Aquarids 
8 8 8.56 15.0 —22.0 9-13 Good 
9 8 8.56 58.5 —19.5 1 Good Stationary 
2950 8 8.56 97.5 —56.5 2 Good 1 Stationary 
1 8 8.56 340.5 —41.0 5-9 Good 
2 8 8.56 340.5 —27.5 12 Good See 2644 
3 34 8 8.56 345.0 —15.5 11 Fair Poor ind; see 2116 
4 35 1 29.47 120.0 —63.8 5-6 Good 
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A.M.S. No. of 
No. Date 1900+ a 5 Meteors Wt Remarks 
2955 1 29.47 167.5 —42.0 8 Good 
6 1 29.47 189.0 —35.5 5 Good See 2834 
7 4 30.63 280.5 —64.0 4-5 Good 
8 5 30.50 285.0 —18.0 4-5 Good 
9 5 30.50 336.5 —65.5 2 Good 1 Stationary 
2960 6 7.63 326.0 —42.5 4-6 Good 
1 7 28.59 330.0 —19.5 6 Good See 2799 
2 7 28.59 342.0 —17.0 10-12 Poor Diffuse; 6 Aquarids 
3 7 28.59 343.0 —31.0 17 Good Large area; see 2860 
4 7 31.66 9.0 —19.0 5-7 Fair See 2004 
5 7 31.66 20.0 + 5.0 5 Good See 170 
6 7 31.66 342.7 —15.5 18-20 Good Large area; 5 Aqr 
7 7 31.66 344.0 —29.5 8 Poor See 2861 
8 8 2.62 45.0 —69.0 8 Good 
9 8 2.62 324.0 —17.5 5-6 Good 3 also July 31: 2631 
2970 8 2.62 343.5 —30.5 10-11 Good See 2008 
1 8 2.62 345.5 —15.0 18-24 Good 6 Aquarids 
2 8 6.61 6.5 —28 .5 5-6 Good 
3 8 6.61 332.0 —32.0 4-6 Good See 1493 
2974 35 1 29.47 144.7 —23.0 4 Good 2 Stationary 


It has been our policy for some years past to urge our members to plan codp- 
erative observations from two stations, for the derivation of heights. While it is 
clear that, unless one is in practice, such work will show up the errors of observa- 
tion most clearly, still no type of meteor work is more helpful in making the ob- 
server learn what he should do. Also careful preliminary planning adds much to 
the results. In December, 1936, our Kentucky-Tennessee-Georgia group undertook 
such observations on two nights. The results for 6 meteors follow in Table IT. 
For 4 out of the 5 presumed Geminids the heights give a lower value than for 
Perseids or Leonids, with only the first meteor giving a beginning height differing 
greatly from the average. The value as derived from observed altitude at each 
station, as well as the mean value, is given. The stations were: (1) Nashville, 
Tennessee, L. J. Wilson; (2) Cohutta, Georgia, P. O. Parker; (3) Louisville, 
Kentucky, Louisville Astronomical Society. 


TABLE II 
No. 1936 C4: Magn. H, H, Class Station 
Dec. km km 
1 11-12 it 45 35 1 251.1 100.6 1 
11 4 + 0 266 .2 104.2 G 4 
258.6 102.4 
z 12-13 10 12 30 1 110.3 85.4 2 
13 3 114.6 97.2 G 
112.4 91.3 
3 12-13 11 37 20 1 88.7 72.7 2 
aw 2 | 123.1 74.9 G 1 
105.9 73.8 
4 12-13 12 03 1 82.8 72.0 2 
03 129.3 71.0 G? | 
106.0 71.5 
5 12-13 12 38 45 1 104.4 53.0 2 
50 1 71.0 46.5 G? 
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As the third part of these Notes, I give the final results for an interesting 
fireball observed in Oregon. 


Oregon Fireball of 1933 April 9 

Several fireballs of great brilliance and interest appeared over the northwest- 
ern corner of the United States during 1932 and 1933. Thanks to the efficient Re- 
gional Director of the American Meteor Society, Professor J. Hugh Pruett of the 
University of Oregon, numerous data were collected on these bodies. After pre- 
liminary discussion and publication by him in the local Oregon papers, the data 
were sent to me for final reduction. The one appearing at 8:22p.m., P.S.T., on 
1933 April 9, will be discussed. 

About 50 reports were received. The 26 observers sent in data which were 
used in reaching conclusions as to the true path of this fireball.* 

The following results were derived: 


Local Sidereal Time at End Point ...............202.2. 139°1 
MIRAI So eae onic we ue A = 122° 06’ ¢ = +45° 20’ 
PN HEINE oa cas cain ecea cme A= 124° 20’ ip = +45° 42’ 
ee er eee (large p.e.) 132 km 
8 re care rd ciniy\ ecg anda win @ Rw KHER SE AE aI 24 km 
po Be | a a eae ear ar 176 km 
I I OE WE iscsi ons k0sccecndensonsadeesun 205 km 
TN ecco x ates carn ete ca eae Raed Wa end kes Bf ie 
CE ES ee eee rere Cer re ry mca P 
I NNN oan. 65s ars casa Kons ee norm nine aba 36 km/sec 
Radiant Cuncorrected) ............c000 h = 31°5 a = 276° 


a = 202°3 5=+18°2 


The fireball traveled nearly due east to west, just south of the Oregon- 
Washington border, and ended about 20 miles from shore, over the Pacific. Its 
end height is believed to be reasonably accurate. The beginning height is subject 
to considerable uncertainty, possibly 20%. However, it was derived by two 
methods: (a) assuming the end point as correct, and calculating from the ob- 
served slopes; (b) using directly the 14 usable observed altitudes, some, however, 
very discordant. The values obtained by these two methods were 118km and 
143 km, respectively; slightly greater weight was given the observed-altitude re- 
sults in getting the adopted 132 km. 

There is also some uncertainty as to whether the object may not have started 
east of the point given. The azimuth of the path, however, is believed to be much 
more accurate than the beginning point and height, due especially to good observa- 
tions from five stations, all of which were in strategic positions. 

There is great unanimity in assigning a blue-white color to the nucleus itself. 
To most observers, it appeared about one-fifth the diameter of the moon, i.e. about 
6’. For the duration of flight, the average of 20 estimates gives 6.0 seconds, the 
range being only from 1+ to 20, with most estimates near the average. This is 
closer agreement than usual! The trail is said to have lasted exactly the time 
needed for the flight of the fireball itself. As to its exploding at the end of its 
path, the replies are very contradictory; but the best observers say that it did ex- 
plode, apparently meaning that it flared up greatly, not that it burst into visible 
fragments. As it came so low, there is good reason to think that fragments may 
have dropped into the ocean. 

Full acknowledgment is hereby made to all persons who kindly sent in ob- 
servations to Professor Pruett, as well as to many newspapers which aided in the 


*To save space, the long list of observers and their stations is omitted. 
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necessary publicity. Professor Pruett’s most important part in this work has al- 
ready been mentioned; most of the credit for these results is his. Acknowledg- 
ment is also due Mrs. Doris M. Wills, assistant at Flower Observatory, for draw- 
ing the maps, placing the stations and azim tl 

usable form. 





lines, and gathering the data into 


Flower Observatory, Upper Darby, Pennsylvania, 1937 April 14. 





Real Heights of Bright Meteors According 
to Magnitude 


By C. C. WYLIE 


In determining the heights of meteors for the various magnitudes, it has been 
customary in the past to use the arithmetic mean. The figures as given in the 
textbooks in common use were found by this method. In a recent paper, how- 
ever, Opik used the harmonic mean to obtain the heights of meteors of various 
magnitudes from the Harvard work in Arizona. 

The two methods commonly used in forming averages are the arithmetic 
mean and the median, the arithmetic mean being used the more frequently. How- 
ever, the median is used more than the mean in some statistical work, especially 
where the observed values are subject to considerable uncertainty. Educational 
experts favor the median in studies of grades. The harmonic mean, the geometric 
mean, and the mode are used in special problems, but none of them is employed 
nearly as much as the mean or median. 

The most important errors which have been found to affect the computations 
of the paths of bright meteors are first, that estimates of altitude tend to be too 
great, and second, that estimates of path length tend to be too great. Both tend 
to make the resulting heights for appearance too great. The first error tends to 
make the height of disappearance too great, and the second error tends to make 
the height of disappearance too small. For occasional meteors the heights may 
be very far from the truth because of these errors. The arithmetic mean will tend 
to be too high in this work, since heights double the correct are more common, 
and also will raise the mean more than heights half the correct will lower it. The 
median is not affected much by erratic results, whether they are too great or too 
small. Hence, neglecting the effect of systematic errors, the median should give 
a result reasonably near the truth. 

The harmonic mean, since it uses the reciprocal, is affected little by results 
which are much too great, but it is greatly affected by results which are much too 
small. We have said that errors which make the heights too great are the more 
common. Hence, in general, the harmonic mean probably gives a result nearer the 
truth than the arithmetic mean. 

The Harvard observations were made, using a rather short base line. Opik 
considered these observations as giving parallaxes, rather than altitudes and azi- 
muths. With this reasoning, the harmonic mean is preferable for a discussion of 
that work. 

To illustrate the three ways of finding the average height, we have taken two 
groups of meteors from the Von Niessl-Hoffmeister catalogue. The first is a 
group of 60 meteors of magnitude about —3, and the second group is one of 72 
meteors of magnitude about —13. Figure 1 shows the distribution of the meteors 
after some obviously wild observations have been rejected. It will be seen that the 
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meteors of magnitude —3 are clustered closely about a height of approximately 
70 miles. There are no scattering meteors at much lower altitudes, but there are 
some at higher altitudes up to 168 miles. Meteors of this brightness are rather 
frequent, and it is probable that the results for the majority are based on observa- 
tions by astronomers, professional or amateur. 

For the meteors of magnitude —13 the strongest grouping is at about the 
same height, but the clustering is not so pronounced. There are several scattered 
meteors at heights much higher and much lower. It is probable that the results 
for nearly all these spectacular meteors are based on reports from the general pub- 
lic, so there is more scattering in both directions. 
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For the meteors of magnitude —3 the results are, arithmetic mean 71.5 


miles, median 67.0 miles, and harmonic mean 67.0 miles. For the meteors of 
magnitude —13 the results are, arithmetic mean 70.5 miles, median 68.1 miles, and 
harmonic mean 62.5 miles. It will be seen that where there is a strong clustering 
of observations about the average, with only a few really erratic observations 
above, as for magnitude —3, the harmonic mean agrees closely with the median. 
Where, however, there are several erratic observations both above and below the 
average, as for magnitude —13, the harmonic mean is definitely lower than the 
median. In this particular case, the harmonic mean is farther below the median 
than the arithmetic mean is above. 

As a further comparison of means and medians, we have grouped the meteors 
of the Von Niessl-Hoffmeister catalogue by magnitudes. For each group, the av- 
erage heights of appearance and disappearance have been found, using the arith- 
metic mean and using the median. The results are shown on the accompanying 
figure. The mean heights are almost always above the median. The line showing 
mean heights is more irregular than the one showing median heights. 

The paths of spectacular meteors are based, in practically all cases, on reports 
from the general public. Erratic heights, both above and below the average, are 
common. With this type of data, the arithmetic mean is too large, and the har- 
monic mean is too small, therefore, the median appears preferable. It, however, 
does not eliminate systematic errors. For example, there is evidence that the be- 
ginning heights in the catalogue are systematically too high. If this is true, the 
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median height for beginning would be too high, although it is lower than the mean 
height. 

To include more recent data, 125 meteors whose real paths were published in 
volumes 45-55, inclusive, of The Observatory were grouped by magnitudes in the 
same way, and median heights were formed. The groups are smaller, but, as we 
have said, the data are more recent. The result is shown in Figure 2. In general, 
the catalogue heights of beginning are above, and the catalogue heights of ending 
are below. In other words, the catalogue paths average longer than The Observa- 


tory paths.” 
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The heights of beginning for meteors of various magnitudes were obtained in 
two ways. First, the plot suggests that fireballs brighter than Vega but fainter 
than the moon appear higher than either shooting stars or detonating meteors. 
Hence, a second degree curve was put through three normal points. Using H’ for 
height in kilometers of beginning, and M for magnitude, the following equation 
was obtained : 

H’ = —0.108M’?— 1.01M + 114 


Heights computed from this equation are given below. 


Magnitude 4 0 —4 —t —12 —16 —20 
Kilometers 108.7 112.7 114.1 113.0 109.4 103.2 94.6 
Miles 67.5 70.0 70.9 70.2 67.9 64.1 58.8 


There is some doubt, however, as to whether there is any real variation in the 


height of beginning. If we assume that this height is in reality constant, we find: 


H’ = 111.0 km = 68.9 miles 


This height is shown as a straight line on Figure 3, and it is included in the table. 
A glance at Figure 3 shows that the height of ending drops quite uniformly 
with brighter magnitudes. A solution for height of ending was made including a 


second degree term. The curvature of the resulting line was found to be negligibly 





7A letter from Fletcher Watson of Harvard, indicates that Opik is finding even 
shorter paths than those in The Observatory. His results are in press now. 
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small, so a straight line was assumed. Using 
ing, and M for magnitude, the result was: 


H” = 2.61M+ 77.2 


This line is drawn on Figure 3, and heights calculated 


given in the table. 


Avoptep HEIGHTS OF BEGINNING AND ENDING 
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for height in kilometers of end- 


from this equation are 
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SUMMARY 


The meteors of the Von Niessl-Hoffmeister catalogue have been grouped by 
magnitudes, and medians formed for heights of 
The meteors for which real paths are given in volumes 45-55 of The Observatory 
were grouped in the same way, and medians formed. 

No attempt was made to eliminate systematic errors or to correct for differ- 
ences in velocity, distance from the radiant, or angle of fall. 

From ordinary shooting stars to detonating meteors dropping meteorites, the 
height of appearance was found to be approximately constant, about 68.9 miles. 
The height of disappearance was found to be 48.0 miles for a meteor of magni- 
tude zero, and to decrease uniformly 1.62 miles per magnitude for brighter 


meteors. 
University of Iowa, April 20, 1937. 


appearance and disappearance. 
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Society for Research on Meteorites 
Edited by FREDERICK C. LEONARD, President, and H. H. NININGER, Secretary 


Some New California Aérolites: Muroc and Muroc Dry Lake 


By H. H. Nrnincer and C. H. CLEMINSHAW* 


The exhibit of meteorites at the Griffith Observatory, Los Angeles, has been 
instrumental in the discovery of three new California specimens. They were 
found on September 20, 1936, by Private Lee E. Humiston of the Thirty-Second 
Bombardment Squadron of the Air Corps. He picked them up about five miles 
east of Muroc, which is about sixty miles north of Los Angeles. This is on the 
western edge of the Mojave Desert, and this part is called Muroc Dry Lake, as it 
occasionally has a few inches of water in it during the rainy season. Part of this 
area was being used for target practice, and Private Humiston was stationed there 
to keep people away. He picked up these three stones because he thought they 
resembled some of the meteorites he had seen in the collection at the Griffith Ob- 
servatory. The smallest specimen was tentatively identified as a meteorite by Dr. 
Frederick C. Leonard and Mr. Robert W. Webb of the University of California at 
Los Angeles. All three specimens were then sent to the Nininger Laboratory for 
an opinion. 

The smallest stone, a fragment originally weighing 18.4 grams, is in the form 
of a segment of a plano-convex lens measuring 14mm, in maximum thickness. Its 
meteoritic character is evident by virtue of its partial covering of fusion crust, 
which, along the border of the stone’s plane base, shows a very conspicuous over- 
spill terrace of slag, very similar to that observed in some of the Pasamonte, New 
Mexico, stones recently described (C.S.R.M., P.A., 44, 331-8, June-July, 1936). 
Where the stone had suffered a break, its chondritic character also is plainly evi- 
dent, and grinding revealed numerous metallic grains. Exposure to the desert 
winds had removed the less resistant constituents, leaving the firm chondrules and 
the nickel-iron grains together with the adjoining matrix, which had been in- 
durated by the oxides formed from the metal through exposure. 

The other two stones were at once recognized as being very different from 
the first. The larger, originally weighing 165 grams, is in the form of an irregular 
block, roughly a truncated pyramid with some indentations which could be inter- 
preted as pits, but which could just as well be interpreted otherwise. The stone is 
entire and its surface seems exactly like that which is developed by exposure on 
millions of desert pebbles of certain porphyritic varieties. Tapping it against the 
other gave forth the typical pebble sound. The surfaces of both show certain 
shallow fissures such as are common to many pebbles that have been shaped from 
veined formations. The color is dark brown. The fusion crust, typical of stony 
meteorites, does not appear to be present; in fact, there is nothing visible on the 
surface of the stone to indicate that it might be a meteorite, save that its general 
form, color, and weight are consistent with such a conclusion. 

The other of these two stones is much smaller, originally weighing 58 grams. 
It resembles in shape the kernel of a Brazil nut, one end of which has been broken 
off. In general form this stone has less to recommend it than the larger one; but 





*Assistant Director of the Griffith Observatory and Planetarium. 
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this broken end bears a strong resemblance to those portions of stony meteorites 
which have been broken in flight and covered by a secondary fusion crust, save 
that in this case the crust is distinctly reddish brown. It was applied to a sheet of 
carborundum paper, and a few strokes revealed the nickel-iron granules which are 
embedded in it. More polishing and grinding revealed chondrules. 

The stones were then cut and the surfaces thus revealed are typical of long- 
exposed chondritic aérolites. The matrix is very compact and takes a good polish 
except for a few minute cavities which are due probably to removal by solution of 
some soluble constituents. The color of the interior is a deep variegated brown. 

Under a lens the two larger specimens are seen to be made up largely of chon- 
drules of various sizes, and, while these are mostly circular in cross-section, some 
are oval, elliptical, or fragmentary. One thin, dark, bluish-black vein traverses 
the section examined. Sulphide granules are abundant, small, and irregular in 
form. Nickel-iron grains average larger, but are far less abundant than are the 
sulphide grains. Another type of grain is present. It is bluish-black in color and 
characterized by the same range as to size and form as the nickel-iron kind. It is 
unquestionably the result of alteration in the nickel-iron. Evidence of this rela- 
tionship is found in the fact that nearly all of the surviving nickel-iron grains are 
bordered in part or entirely by a zone of the same material. In some, the altera- 
tion has proceeded from one side more rapidly, and half or two-thirds of the grain 
has changed to oxide, while the surviving end remains bright tin-white. Consider- 
ing those which have been entirely altered, together with the various degrees of 
partial alteration, one would conclude that apparently about four-fifths of the 
nickel-iron has been changed to oxide. The oxide is probably magnetite, though 
none of it was separated out for testing. 

These stones serve as an excellent illustration of the surprising manner in 
which some meteorites succeed in retaining their size and form while their con- 
tained metal undergoes oxidation. There is in these stones hardly the slightest 
surface indication of exfoliation and not a fracture is visible. In certain other 
meteorites this same condition has been noticed. Some others, on the contrary, 
undergo complete reduction into small fragments while yet considerable metal 
persists unaltered. 

A careful scrutiny of the polished section reveals that there are only traces of 
the original fusion crust remaining. Evidently the sand-blasting of the desert has 
removed it except in sheltered places. This fact explains the peculiar surface ap- 
pearance of the stones. It reveals also another manner in which meteorites may 
be reduced to a condition in which their identity escapes us. In the past it has 
been possible to rely mainly upon the surface features for tentative identification 
of meteorites. Now we are confronted with a new situation as regards surface 
features. Once the crust has been eroded away, if the meteorite is still intact, a 
surface treatment may be undergone (at least on a desert) which renders the 
meteorite like an ordinary pebble in appearance. As the scientific world delves 
deeper into the puzzles presented by meteorites, doubtless more surprises will be 
met with, and eventually we may be able to trace these accretionary stones back 
along a variety of paths to the place where their distinctive characters are sub- 
merged and their class identity melts into the haze of the landscape of historical 
geology! 

The two larger stones were found within 15 feet of each other and appear to 
be individuals of the same fall. Since the smallest stone shows a different-looking 
crust and an entirely different internal structure, it appears to be a representative 
of a second fall. It was found only about 75 feet away from the other two. It is 
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very unusual indeed that two falls should be collected so near together. The close 
proximity might be explained on the assumption that at some distant day, when 
Muroc Dry Lake was perhaps perennially filled with water, there was a nearby 
camping ground for Indians. It might be that some medicine man gathered these 
stones at different places, carried them for a time, and then left them where they 
were recently found. To distinguish between the two falls which appear to be 
represented here, it is proposed that the smallest stone, which was found about 75 
feet west of the other two, be called Muroc, after the town which is about five 
miles to the west, and that the other two stones be called Muroc Dry Lake. 


r } 





THE RECENTLY DiIscovERED Muroc ANp Muroc Dry LAKE, CALIFORNIA, 
AEROLITES 

The two largest stones (that on the left and that in the middle) are called 

Muroc Dry Lake; the smallest one (that on the right) is called Muroc. 


These stones constitute a significant addition to the collection of meteorites at 
the Griffith Observatory. Only eight other meteorites have been recorded for the 
entire State of California, and only two of these are stones. San Emigdio (found 
in 1887) was an 80-pound stone which is known from only about a pound of 
fragments which were recovered after the stone had been run through a rock 
crusher. In 1929, one small fragment (undescribed) was picked up by Barnum 
Brown near the Nevada line, in the vicinity of Windmill Station. 

Nininger Laboratory, Denver, Colorado, and 

Griffith Observatory, Los Angeles, California, April, 1937 

Fused Meteoritic Iron 
By Joun Davis BuDDHUE 


One of the neglected phases of meteoritics is the study of meteoritic metal after 
artificial fusion. Such studies may be of importance in deciding whether the metal 
was once molten as one would naturally expect, or whether it was reduced to the 
metallic state from silicates or lawrencite, as discussed by G. P. Merrill.’ There 
are many arguments for both sides of the question which need not be repeated 
here. The earliest work to which I can find reference on the fusion of meteorites 
was done by J. E. Stead,? who remelted a sample of the Coahuila, Mexico, iron 
and found that all the schreibersite remained in solid solution after the iron was 





*Proc. U. S. Nat. Mus., 78, Art. 21, 1928. 
? Jour. Iron and Steel Institute, 91, 140, 1915. 
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cooled. He remarks further that no instance is known of crystallized Fe,P in 
artificial iron with only 0.27 percent phosphorus. One of the characteristics of 
Coahuila is the presence of numerous rhabdite needles. Merrill’ mentions briefly 
that when specimens of Mount Joy, Pennsylvania, and Canyon Diablo, Arizona, 
were fused in a gas furnace, the product was no longer malleable, but hard and 
brittle like cast iron. He gives photomicrographs of these specimens, which show 
the structure of the metal after fusion. Mount Joy shows the ordinary polyhedral 
crystalline structure of metals, while Canyon Diablo contains a multitude of 
dendrites which appear to be oriented in different directions in different parts of 
the metal. No data in either case are given of the magnification of the pictures, 
or the reagent used to etch the specimens. 





PHOTOGRAPH OF THE STRUCTURE OF A FUSED PORTION OF A 
X1qurpitco, Mexico (?), Meteorite, X100+ 


In a recent report of the finding of free copper in a meteorite, I described a 
mass of iron which is very probably one of the Xiquipilco (Toluca), Mexico, 
meteorites.” A small sample of this iron from near the surface, free from visible 
inclusions, was fused with a natural-gas-oxygen torch used by a dentist for melt- 
ing gold. When the melt had cooled, it was micropolished, and etched for ten 
minutes with ten-percent alcoholic picric acid at room temperature. In places, a 
few traces of the Widmanstetter structure remained, but the greater part of the 
iron was homogeneous and showed only a rather coarse granular structure with 
occasional small inclusions. Near the surface the grain boundaries were filled by 
magnetite. At the point where the flame played upon the iron, this structure was 
replaced by a thin zone whose structure was not resolved but which bore some 
resemblance to the rill-like markings sometimes left by a receding wave on a 
sandy beach. This fused iron was compared with a specimen of the Huizopa, 


*C.S.R.M., P.A., 45, 103, 1937. 
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Mexico, meteorite in which the kamacite is granulated, perhaps as a result of 
heating,* but there was very little resemblance between them. 

All of this work tends to indicate that meteoritic irons have never been fused, 
at least not under the conditions of these experiments. It is conceivable, however, 
that in a different atmosphere, or none at all, fusion might give very different re- 
sults and long annealing, at a temperature below that at which kamacite changes 
to Y-iron, might possibly produce the structures which we associate with meteorites. 

99 South Raymond Avenue, Pasadena, California, March, 1937 
*H. H. Nininger, The Mines Mag. (Colorado School of Mines Alumni Asso- 
ciation, Golden, Colorado), 22, 11, 1932. 


The “Lazy Meteor” of April 17, 1934* 
By J. Hucu Pruett, 
Pacific-Northwest Director of the American Meteor Society 
Abstract 

A beautiful reddish meteor, followed by a long trail, floated in from the ocean 
and over the mid-Oregon coastline at 9:35 p.m., P.S.T., April 17, 1934. Its seem- 
ing leisure caused a newspaper to dub it the “Lazy Meteor.” Traveling almost 
east-south-east, it finally disappeared over a point well in the State of Nevada, 
Many reports from widely separated observers were received, All indicated that it 
seemed almost to crawl and to bore its way across the sky. 

The writer observed this meteor from Eugene. Its slowness bewildered him. 
It was first seen low in the west. It picked up some speed as it neared the meridian 
to the south. It was hardly losing any altitude at this point. It disappeared be- 
hind nearby tall trees when only slightly east of south. From words spoken while 
it was visible, it is certain that 10 seconds elapsed. Another Eugene observer saw 
the entire flight. He reported that the meteor remained visible fully twice as long 
after it crossed the meridian as before. He saw it finally, barely movjng, low in 
the southeast. Many reported that the meteor was in sight fully a minute. Un- 
reasonable as it may seem, the writer is certain that it lasted 25 or 30 seconds. 
The calculated projected path was over 300 miles in length. This fact would indi- 
cate a reasonable speed for a fireball overtaking the earth. 

At Roseburg, 60 miles almost south of Eugene, the meridian passage appeared 
north of the zenith. Two observers at Roseburg were furnished with a clinometer 
and measured the estimated meridian altitude as 75°. The Eugene altitude was 
carefully measured as 59°. The height when passing between the two towns was 
thus almost 70 miles. 





*A paper read at the Second Annual Meeting of the Society, University of 
California, Berkeley, June 18 and 20, 1934. The abstract of another paper by the 
writer, on “The Great Alberta Meteor of March 18, 1934,” also presented at the 
same meeting, was published in P.A., 42, 396-7, 1934. 


General Extension Division, University of Oregon, Eugene, Oregon, 
1937 April 1 
Appointment of the Nominating Committee 
The President of the Society has appointed the following charter members to 


serve on the Nominating Committee for the quadrennial election scheduled to be 
held at the Fifth Annual Meeting in Denver, Colorado, on June 22 and 23, 1937 :? 





*See notice of this meeting in the C.S.R.M. in the Aprl, 1937, issue of P. A., 
p. 218. 
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VARIABLE STARS 


Variable Star Notes from the 


American Association of Variable Star Observers 
By LEON CAMPBELL, Recorder 


R Coronae Borealis Type Variables: The four R Coronae Borealis type vari- 
ables which are being regularly observed by members of the A.A.V.S.O. were all 
at practically constant maximum magnitude during the year 1936. The first three 
months of this year find these variables at about the same constant magnitude 
with the exception of RY Sagittarii which has, in recent months, undergone a 
marked diminution in light. When this variable was last observed, prior to recent 
conjunction with the sun, it was at normal maximum, approximately 6.5, late in 
December, 1936. When next observed the light had decreased to magnitude 9 on 
February 10, 1937, and on February 21 it was observed as fainter than magnitude 
11.2, on March 10 it was recorded as 10.8. It was just four years ago that this 
variable underwent a similar decrease in light just after the conjunction with the 
sun and it will be interesting to note whether or not the activities of the star at 
all resemble those of 1933 and the early part of 1934. 
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The light curve showing the previous drop to minimum and the return to 
maximum is given in the accompanying figure. This star, RY Sagittarii, is better 
placed for observation in the southern hemisphere, but it can be followed by ob- 
servers in the northern hemisphere if great diligence is exercised. 


SS Cygni Type Variables: Several additional variable stars of the so-called 
SS Cygni type have in recent years been placed on the A.A.V.S.O. observing list 
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and reports concerning their activities seem appropriate at this time. 

The variable UV Persei, 020356, has not been observed brighter than magni- 
tude 14 since October 26, 1936, when it appears to have been at maximum, 12.1. 
The star has a scheduled range between 12.4 and [16.0, and information so far 
obtained indicates that it is certainly of the SS Cygni type of variation. 

AW Geminorum, 071528, with a stated range between magnitudes 13.0 and 
[17.0, appears to have been at maximum on January 10, 1937. This star is diffi- 
cult to observe because of its extreme faintness. It appears to belong definitely to 
the SS Cygni class. 

RV Cancri, 080319, does not appear, from recently contributed observations, to 
fulfill the requirements for classification as an SS Cygni type variable. 

SU Ursae Majoris, 080362, was at maximum, magnitude 10.0, on February 4, 
1937. This maximum can be considered as of the usual broad type so freuently 
occurring in variations of SS Cygni., 

X Leonis, 094512, with a stated range in variation between magnitudes 12.0 
and 16.0, was at maximum, magnitudes 11.9 and 11.8, on January 11 and March 
9, 1937, respectively. This interval of 57 days agrees approximately with the cycle 
found for SS Cygni and SS Aurigae. Thus the star is placed definitely in the 
group of SS Cygni type variables. 

AY Lyrae, 184137, passed through a well-defined maximum, magnitude 13.0, 
on August 17, 1936. There is an indication that a later maximum occurred some- 


time between February 22 and March 21 of this year, but additional observations 


are needed to confirm the presence of this maximum. It would appear that the 
star can be considered to be of the SS Cygni type. 

EY Cygni, 195032, requires additional observational material before one can 
conclude that the star belongs to the SS Cygni class. 

RU Pegasi, 220912, is definitely an SS Cygni type star. The observations show 
maxima of the anomalous type so frequently found for SS Cygni. Typical max- 
ima of the narrow type with rapid rise and somewhat rapid decrease, were noted 
in September and December, 1935, while the very anomalous type was observed in 
the latter part of 1936 and early 1937. In view of the fact that the two well-known 
and well-observed variables U Geminorum and SS Aurigae have not yet revealed 
such marked irregularities as has SS Cygni, it is interesting to find that RU Pegasi 
presents such an anomaly. 

All of these so-called SS Cygni type variables require the closest attention and 
cooperation between variable star observers. 


A.A.V.S.O, Observers: The following submit observations to the A.A.V.S.O. 
records for the first time: A. W. J. Cousins, of Durban, South Africa; Joaquin 
A. Garcia, of Rio Piedras, Puerto Rico; Julio Lizarraga, of Belize, British Hon- 
duras, Central America. It will be noted that the two latter observers are from 
countries not heretofore contributing to the work of the A.A.V.S.O. The follow- 
ing list contains the names of the observers, the number of variables observed by 
each, and the number of observations contributed during the month of March. 


Observa- Observa- 

Observer Vars. tions Observer Vars. tions 
Ahnert 40 118 Brocchi 10 17 
Atchison 1 1 Buckstaff 4 7 
Baldwin 67 156 Callum 12 12 
Ballhaussen, Miss 20 25 Cameron 4 11 
Blunck 20 27 Carpenter 113 113 
Bouton 42 54 Chandra 182 30 
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Observa- Observa- 

Observer Vars. tions Observer Vars. tions 
Chartier 15 15 de Kock 29 106 
Cilley 75 327 Lizarraga S 3 
Cousins 13 57 Loreta 104 235 
Dafter, Mrs. G 48 MacCalla 4 6 
Dalton 4 8 McLeod 20 50 
Diedrich 1 1 McNabb 2 7 
Ellis 3 5 Meek 38 119 
Ensor 35 66 Millard Zs 26 
Escalante 30 30 Murphy 11 32 
Focas 71 96 Peck 5 27 
Franklin 31 50 Peltier 98 106 
Gaposchkin 2 12 Rosebrugh 33 66 
Garcia 3 4 de Roy 11 52 
Gregory 56 65 Ryder 7 11 
Hartmann 124 231 Scherr 4 25 
Herbig 12 12 Shinkfield 14 14 
Hiett 24 60 Sill 23 34 
Holmes, Mrs. 4 8 Smith, F. P. 25 26 
Holt 54 90 Smith, F. W. 2 3 
Houghton 72 214 Smith, J. R. 11 11 
Houston 106 221 Smith, L. 18 18 
Howarth 12 22 Taylor 20 28 
Humbert 7 10 Treadwell 9 27 
Jones 93 328 Webb 45 50 
Kanda, S. 1 1 Yamasaki 3 4 
Kirkpatrick 10 44 -- — 
Kitchens 10 14 64 3968 


Variable Stars in Andromeda: Of the seventy-three variables known to exist 
in the constellation of Andromeda, twenty-seven are definitely classed as belonging 
to the long-period type, with periods between 115 and 472 days, and with ranges 
from 1.0 magnitude to 9.0 magnitudes. Two of these variables of long period, 
R and K Andromedae, have spectra of class Se, while twelve have the usual M- 
type emission spectra. It is noted that the variables having the greatest range in 
variation together with the longest periods possess the latest type of spectrum, 
which is as would be expected. 


Fifteen of the total number of variables in the constellation are eclipsing stars; 
seven are of the short period, or Cepheid type; nine are called irregular; two, S$ 
and Z Andromedae, are classed as novae; one, RX Andromedae, is of the Z Cam- 
elopardalis type; four have N-type spectra, ST Andromedae being the one most 
completely observed to date. Five variables are classed as of unknown type, with 
a strong possibility that three of these are of long period. There appears to be 
no particular grouping of long term long-period variables in this constellation as 
was noted for Cassiopeia, where twelve stars were found to have periods exceed- 
ing four hundred days. Of the sixteen eclipsing stars listed, ten have light curves 
resembling that of Beta Persei; three, resemble Beta Lyrae, and two are similar 
in form to that of W Ursae Majoris. Very few of these eclipsing stars are bright, 
only three exceeding the ninth magnitude at maximum and of these, AN Andro- 
medae, although of magnitude 5.9 at maximum, has a range of only 0.16 magni- 
tude. 


S Andromedae is the first supernova discovered in the great Andromeda 
Nebula, by E. Hartwig in 1885. Numerous other novae have since been found in 
this same galactic system, especially by Hubble and Shapley. Z Andromedae has 
been classed as a nova, this in spite of the fact that the original outburst passed 
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unobserved, with an observed range in variation between 8™.3 and 12M.0. For the 
past few years this star has oscillated in brightness between 10™.5 and 10.9, not 
unlike the behavior of other novae in their late stages. RZ and VW Andromedae 
are still considered as stars of doubtful variation. WY Andromedae, although it 
has a period of 109 days and a range of 1™.3, has a spectrum of class cG6e and is 
probably of the semi-regular type, or a very early type of long-period variable. 


Spring Meeting of the A.A.V.S.O.: The Spring meeting of the Association 
is to be held at the University of Syracuse, Syracuse, New York, on May 21-22. 
The Council convenes on Friday evening and the Astronomical Department of the 
University will be open to members and guests that same evening. The regular 
business meeting is to be held on Saturday morning, with the usual banquet in the 
evening at “Drumlins,” on the outskirts of Syracuse. 


April 13, 1937. 
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The Amateur Astronomical Society of New Haven 

The Amateur Astronomical Society of New Haven is meeting regularly once 
a month in the Lecture Room of the Yale Observatory and interest is very keen. 
The several divisions—Telescope Making, Observing, and Occultation Groups— 
are meeting and working independently of the Society and much interest is thus be- 
ing created. The program committee is arranging a rather ambitious program for 
future activities and meetings with several visitations planned, two of which will 
give the group access to large telescopes, one of which is a 12-inch reflector, for 
further study in observing. 

The Society has been organized only four months and has a membership of 
twenty-five, with an average attendance of twenty, and at the present time there 
are two refracting telescopes in the group, one 4-inch and one 3-inch, and five 
6-inch and two 7-inch reflectors in various stages of completion and by next 
autumn we expect to have a large observing group adequately equipped. 

This group is now planning to observe for height the meteor showers of the 
Lyrids on April 20-21 and Eta Aquarids on May 5 and 6, working in conjunction 
with Vassar College. This will be new work for a number of the observing group 
but the opportunity for observing this shower is being seriously taken up and 
preparations are now being made under the direction of Mr. Anyzeski, an experi- 
enced observer, to make the most of this display in the way of careful and accur- 
ate observing, charting, and timing. 

The April meeting of the Society was held on the 25th at which time Profes- 
sor Stevens of Yale University addressed the group on “Astronomy in 2000 B. C.” 


F, R. BurNHAM, Secretary. 





Negative Characteristics 


Common logarithms have been devised for the benefit of computers to abbre- 
viate multiplication, division, involution, and evolution of numbers, but the ad- 
vantage of their application is not fully utilized by some computers when fractional 
numbers are involved in the computation. 

As common logarithms only are to be considered in what follows, the term 
“common” will be omitted for brevity. 

Logarithms of fractional numbers may be presented in three forms, For ex- 
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ample the logarithm of 0.5 is (a) —0.30103, or (b) “1.69897, or (c) 9.69897 — 10, 
Form (a), useful in connection with hyperbolic logarithms, is not suitable nor 
ever used for the purpose outlined above. In form (b) the characteristic is nega- 
tive and the mantissa is positive. It is the simplest and most direct form, but 
many people prefer form (c) in order to avoid mental confusion when subtracting 
negative values. Logarithms of fractional trigonometrical functions are of form 
(c) in some of the tables, but the second term is omitted with the tacit under- 
standing that it is to be supplied by the computer, unless he is willing to accept the 
preposterous statement that while the tangent of 45° is 1, the tangent of 44° 59’ 50” 
is of the order of ten thousand millions. 

Not much consideration is required to realize that form (c) is more cumber- 
some and complicated than form (b), preventing the computer, as mentioned 
above, from obtaining full advantage of the simplicity of logarithms. The plea of 
avoiding mental confusion is not warranted, if the computer becomes accustomed 
to an adequate method of performing subtraction, to be explained presently in de- 
tail. The method can be readily acquired by any one, and if adhered to at the 
start in all cases of subtraction, it soon becomes a habit to be retained without ad- 
ditional effort. 

The meaning of numbers is dependent on the concept to which they are ap- 
plied. They may result from counting a collection of objects, from applying 
measuring standards to extents of space, time, or value, or from considerations of 
more abstract character. For the purpose in hand a number may be conceived as 
the position of a point in a directed line, and the operation of subtraction may con- 
sist of finding how far and in which direction a point must be moved from a given 
to a required position. 

In the ordinary process of subtraction it is customary to determine how much 
will remain of the minuend after the subtrahend has been taken from it. When 
negative numbers are involved, the process is very likely to fail, it being impossible 
or at least exceedingly difficult to visualize negative values, to take something 
from what is less than nothing, or what is less than nothing from something. All 
difficulties, however, will be removed, if the process is reversed and based on a 
different sort of reasoning. Instead of inquiring how much will be left of the 
minuend, we tind how the subtrahend must be altered to become equal to the 
minuend., 

Write the subtrahend under the minuend and draw the horizontal line as 
usual, Form a mental image of a vertical row of numbers from 0 upwards to 18, 


and beginning at the right hand figure, write the number of steps required to raise 
this figure to the one above. If this is less than the other, add to it one unit of the 
following order, then carry this unit by adding it to the following figure of the 
subtrahend. 


\o 
e 
io) 


20587 


The first figure (8) of the subtrahend being more than 5, add one unit of the 
second order to 5, which becomes 15. To raise 8 to 15 requires 7 steps. To offset 
the 2nd order unit added to 5, one is added to 3, which becomes 4, and so forth 
to the end. The mental process may be as follows: 

8 to 15, 7; 3 and 1, 4, to 12,8; 9 and 1, 10, to 15, 5; 6 and 1, 7, to 7, 0; 1 to 3, 2 

To apply his method to the subtraction of logarithms with negative character- 

















Notes from Amateu 





283 


rs 





istics, the mental image is extended by adding a row of numbers from 0 downwards 


with — sign as shown at the margin of this page. 


RO WwhUANOO 


Tite Who © 


—" 


Subtract the mantissa as for 


ordinary numbers. To subtract the characteristic, if it is necessary to 
go up in the row of numbers from subtrahend to minuend, the result 


is positive, if it is necessary 
Examples: 


2to 5,3; 3 to 9,6; 7 to 14,7; 


(down), 4. 


2.9408 


a to 12 8- 2 -and 1, 3, to 3, GO; 5 to 9, 


(up), 2. 
2.7195 
1.6835 
1.0360 
5 to 5,0: 3 to 9, 6: 8 to 11, 3: 6 and 


1.1905 
1 to 6, 5; 8 to 8,0; 4 to 13, 9; 3 and 1 


Division of logarithms with negative 
cases. 


a.—The characteristic is divisible by the divis 
sulting characteristic the — sign. 

b.—The characteristic is not divisible by the divisor. Add to the characteristic 
the smallest negative number that will make the sum divisible by the divisor. 


Divide the characteristic. 


logarithm. 


Example. 


The quotient is the 


to go dow 


n, the result is negative. 


(down), 1. 


, 4, to 5, 1; 6 to 5 (up), 1. 


characteristics presents two 


yr. Divide and give to the re- 


characteristic of the required 


Add to the mantissa the number added to the characteristic, but with 
+ sign and divide as usual. 





Divide 3.5974276 by 2. 


+] w 


.5974276 + 1 = 1.5974276. 


3 + 1 = 4, which is divisible by 2 
i) 


2. 


= 2 = required characteristic. 


1.5974276/2 = .7987138 = required mantissa. 


Then 3.5974276/2 = 2.7987138. 


In practice the division is performed directly without writing down the successive 
steps, unless the divisor is so large that the steps cannot be followed mentally. 


D. F. 





3ROCCHI. 
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Joliet Astronomical Society 


Following the winter series of meetings which were devoted to a progressive 
study of the great figures in astronomy through the time of Sir Isaac Newton, the 
Joliet Astronomical Society is having the privilege of hearing guest speakers. 

On the evening of March 30, nearly one hundred members and friends meet- 
ing in the Music Room of the Joliet Township High School and Junior College 
heard an inspiring address, “Astronomy at Home and Abroad,” delivered by Pro- 
fessor Curvin H. Gingrich of Carleton College. 

The early part of the lecture dealt with the history, personalities, and work of 
the Goodsell Observatory which proved of great interest to the audience. This 
was followed by many personal reminiscences of experiences in several American 
observatories and associations with astronomers at international gatherings. The 
topics were introduced with such sparkle and humor that the listeners regretted 
the conclusion of this notable program. 

An address by Professor Robert H. Baker of the University of Illinois, to 
take place on April 27, will conclude the formal meetings of the society and the 
annual banquet at which a résumé of the year’s activities is usually presented with 
motion pictures, some of which are in color, of the members who have participated 
in the programs, will take place on May 18. 


Rosert L. Price, Chairman Program Committee. 





Communications and Comments 





Under this heading we shall publish from time to time such material as does 
not properly fall under any of the established headings of this journal. Here, too, 
may be found, when occasion arises, articles which the editors may not be willing 
to give sanction to but which, nevertheless, may be provocative of thought along 
new lines. 


Test Versus Theory 


Once upon a time,—some fifty years ago and more,—there was a poor country 
lad, living on a small farm on the banks of the Connecticut. This lad was about 
the average boy, learning to milk, to swim and to skate at ten,—walking two miles 
to the high school,—and generally supposing that he had nothing, though wanting 
everything,—and not realizing that farm-life is the ideal education. But,—when 
this poor lad was about thirteen or fourteen, he was caught by the glorious vision, 
—the “divine curiosity,” as Huxley calls it,—for all things scientific,—chemistry in 
particular, with geology and astronomy as close seconds,—and after that the poor 
country lad was different, and life was different,—he knew what he wanted to 
study. So it came to pass that this lad was led to make a small cheap telescope, 
by putting common lenses together (as Mr. Kipling says, “that is another story”) ; 
and with this tiny instrument, the lad learned the stars so that to this day he 
knows them as he remembers the positions of the trees in the old apple orchard. 
Of course this lad saw much, and tried to see much more that he could not with 
his baby tube, one-inch aperture and sixteen power; but there was one object that 
caught his eager desire to see,—the wonderful “ring nebula” in Lyra, 57 Messier it 
was, but though he tried scores of times, all he could do was to plot the position 
on old Burritt’s map,—just two-fifths down from beta to gamma Lyrae. So the 
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years went by, with that eternal grind at Latin and Greek, in which both at high 
school and college, we travelled miles and leagues and parasangs,—till we finally 
struck the elysian fields of the “electives” at Old Amherst. 

Of course the lad’s interest and the professor’s kindness articulated so that the 
youth was allowed to use the equatorial,—six-inch aperture, and one of Alvan 
Clark’s best; and one marvelous night, dear old “Bill Esty” took me in and 
showed me all about the details and workings thereof, in the tower of the old 
“octagon.” I had previously been put through the trials of observing with the 
transit circle, and reducing the chronograph records to fair averages for star 
transits; I had laboriously worked out the time and place of some old eclipse from 
old Loomis; but this practical use of the equatorial was new. Professor Esty 
gave me the rules for life in an observatory: “Never turn your head or move a 
hand without first stopping to think what you are liable to hit or break.” Then 
he showed me several fine objects; in particular Uranus, which we found by the 
regular rule from the Nautical Almanac: Right ascension plus hour-angle equals 
the sidereal time, as shown by the chronometer or observatory clock. About all 
that I recall of the planet is that it looked like a small 5-cent nickel, slightly phos- 
phorescent, at a distance of several rods, just enough of a disc to show. 

Then began this story. The professor kindly asked me to mention some object, 
out of sight for the naked eye, that I wished especially to see. Of course, it was 
the ring nebula in Lyra. “Well,” said he, “we will look it up in the almanac, and 
set the telescope from the hour angle, with the right declination.” “But,” answered 
the country lad, “why don’t you point the telescope right at it? We know just 
where it is, even if it is out of sight.” “Oh! no,” said the professor, “that would 
be like Sam Weller’s shooting, and you wouldn't have his luck. We must look 
up the almanac.” But this raw country lad persisted; he insisted that the ring 
nebula could be easily found by looking at the spot where it ought to be. Finally 
the professor said: “Mr. Blank” (he should have called me Mr. Greenhorn), you 
are absolutely wrong; things just can’t be done that way; but I am going to let 
you try, just to show you that you are wrong.” 

So we tried it, as he asked me just what I proposed to do. I replied that he 
was to let all the set-screws loose, so that I could move things easily; then he was 
to hold his eye at the eyepiece of the large telscope, while I used the “finder,” 
and it certainly was a finder that night, as I told him that I was going to fish 
round just two-fifths of the way from beta to gamma Lyrae. He courteously did 
as I asked, and when I quickly said that the nebula ought to be in his field of 
vision, I heard him mutter under his breath: “By Jove, he has got it.” 

Well, we had a very good look at what I had waited years to see; and after 
that, the professor, who was a good sport, remarked that he guessed I could take 
care of myself, and left me, with many thanks from the country lad. What I saw 
and what I tried to see would fill volumes; but, I guess it just happened. Perhaps 
the moral of the story is that some people like arm-chair work: and some like prac- 
tical out-doors work; for the professor could do up the country lad in mathematics 
in a very small minute; I have heard that he made his thesis on a profound paper 
on the motions of Jupiter’s moons; the country lad couldn’t do that, but he used 
to know the stars,—and he loved them as he does now. 

CHARLES SKEELE PALMER. 
4333 Dakota Street, Oakland Station, Pittsburgh, Pennsylvania. 
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Professor Albert Einstein of the Institute for Advanced Study at Princeton 
recently received the honorary doctorate from the University of London. 





Professor W. F. G. Swann, director of the Bartol Research foundation of the 
Franklin Institute, delivered the James Arthur Lecture on the topic “What is 
Time,” in the auditorium of the Gould Memorial Library of New York University 
on April 9, 1937. 





Professor N. E. Norlund, Director of the Geodetic Institute, Copenhagen, 
will deliver the George Darwin Lecture at the ordinary meeting of the Royal As- 
tronomical Society on May 14. His subject is to be, “Astronomical Longitude and 
Azimuth Determinations.” 





Dr. Frederick C. Leonard, Chairman of the Department of Astronomy of the 
University of California at Los Angeles and President of the Society for Research 
on Meteorites, gave, on April 7, 1937, an illustrated lecture entitled “Visitors from 
Cosmic Space,” before the University Chapter of the Society of the Sigma Xi. 





Dr. W. M. Smart, John Couch Adams astronomer, chief assistant in the ob- 
servatory and lecturer in mathematics at the University of Cambridge, has been 
appointed Regius professor of astronomy at the University of Glasgow in the place 
of Professor Ludwig Becker, who has retired. (Bulletin of the Am. Math. Soc., 
March, 1937.) 





Dr. Annie J. Cannon, well-known astronomer of the Harvard College Ob- 
servatory, delivered an address at Hood College, Frederick, Maryland, on April 17. 
Dr. Cannon’s subject was “Adventures of an Astronomer,” and the address re- 
counted her experiences in Cambridge, Arequipa, and on several eclipse expedi- 
tions. Dr. Roy K. Marshall and a party of students and colleagues from Wilson 
College, Chambersburg, Pennsylvania, attended the lecture. 





Mr. Fernando L. De Romana, Casilla 98, Arequipa, Peru, calls attention to a 
method of locating the south celestial pole, which may be found useful by those 
persons living in the southern hemisphere. He says, “Sirius and Canopus are the 
two brightest stars of the heavens. A line drawn through them passes near the 
South Pole so that Canopus is midway between Sirius and the South Pole. If 
instead of Sirius (a Canis Majoris) we take 8 Canis Majoris, which is near to 
Sirius, the rule is almost perfect.” 





Dr. Edward Parker Burrell, director of engineering for the Warner and 
Swasey Company, died at his home in Cleveland, Ohio, on March 21. He was 66 
years of age. Mr. Burrell directed the construction of the mountings for the 72- 
inch reflector at Victoria, B. C., and for the 69-inch reflector of the Perkins Ob- 
servatory. He designed and constructed a model of the 200-inch reflector, now 
under construction. He also completed the design for the 82-inch McDonald tele- 
scope for the University of Texas. 

Mr. Burrell was an inventor and held many patents in his field. He was 4 
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member of the American Society of Mechanical Engineers, the Cleveland En- 
gineering Society, the Cleveland Chamber of Commerce, the Sigma Xi Fraternity, 


and the Canterbury Club. (Cleveland Plain Dealer, March 22, 1937.) 





The Rittenhouse Astronomical Society of Philadelphia held a meeting on 
Friday, April 9, in the Hall of The Franklin Institute. The program consisted of 
an address entitled, “Seeing the Universe Through the World’s Largest Tele- 
scopes,” illustrated with novel motion pictures, by Ruroy Sibley. 





Junior Astronomy News for April, 1927, has recently appeared. Its cover 
displays an interesting, imaginary Martian landscape with two “human” beings. 
Its eleven mimeographed pages furnish items having information which is useful 
and stimulating to the beginners in astronomy for whom it is principally intended. 





Scientific Computing Service.—Among the various kinds of services now 


12 


available is that of scientific computing. Since present day investigations are large- 


ly carried on through measurements which are generally expressed numerically 


and since conclusions are frequently based upon statistics arising from such nu- 
merical data, the need for such service is immediately apparent. The idea of fur- 
nishing such assistance to scientific research originated with Dr. L. J. Comrie, 131 
Maze Hill, Blackheath, London, who is now the director of Scientific Comput- 

ing Service. His experience with computations involved in investigations in as- 
tronomy, mathematics, chemistry, and physics, the eleven years of work with 
H. M. Nautical Almanac Office, a large part of the time as Superintendent, his 
thorough knowledge of the possibilities of the many computing machines now 
available, all contribute to his qualifications for work of this kind. Indeed, Dr. 
Comrie is amply capable not only of carrying out specified computations but also 
of giving counsel in regard to the course of a research program, 


A Three Thousand Year Old Sherweteny? 
(Translated from the German by Hugh D. Brown) 

In the province of Mecklenburg, between Sternberg and Biitzow in the Boiti- 
ner Forest, is located a very ancient group of ornamental stones, similar to that 
of Stonehenge and Odry. This ornament, according to folklore, was called the 
“Stone-dance,” because people believed that these stones represented certain indi- 
viduals, who, in the dim past, were punished for their licentious behavior at a 
peasant wedding by being turned into stone. Science, on the other hand, which 
opposes this point of view, interprets it as an age-old Wendic place of worship and 
sacrificing. But recently, as Werner Timm communicates in the “Mecklenburg- 
ischen Monatsheften,” the Mecklenburg “Stone-dance” has been interpreted as one 
of the oldest of the known observatories. The stones were erected in four 
circles; and the circles I, II, and IIT, which together form the “Great Stone-dance,” 
are compactly joined, while circle IV, the “Small Stone-dance,” is removed 140 
meters in a southeast direction. 

If one casts his eye from the central point of circle I over the middle of circle 
III and then through the “sighting-stone,” he will be looking along a straight line 
which makes with a north and south line an angle of 133° 11'19”. This is also the 
direction of the point of sunrise at the winter solstice, and by this the ancient 
Germanic New Year’s Day was determined. 


*Kosmos for May, 1929. 
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The twenty-eight days of the moon-month were numbered on the “Great Stone- 
dance,” whose three circles comprised together a group of twenty-eight stones, 
and the thirteen monthly revolutions, corresponding to the thirteen months, are 
marked on the “Little Stone-dance.” It must have been years before the equinox 
and solstice directions were accurately ascertained, and before the location of the 
“Little Stone-dance” for monthly computations could be determined; up to that 
time, a large “Month-stone,” with thirteen square holes on one surface, had served 
the purpose of numbering the changes of the month during the year. 

Determinations of the yearly displacement of the solstice point in consequence 
of the changes in the ecliptic show with reasonable certainty that the period in 
which the “Stone-dance” was constructed must have come between the years 1211 
and 1151 B.C. In any case, the construction is more than 3100 years old, and all 
the more surprising is the evidence that at that time a plane-measure system had 
been in use, which is only slightly different from that which the peasant is accus- 
tomed to use today; that is, measurement by the Ruthen (a ruthen equals 4.769 
meters). It is to be found that the centers of circles I and IV are exactly 36 
ruthen distant from each other, while the distance from I to III amounts to 6 
ruthen, and that from III to IV 30 ruthen. So we see represented in the “Stone- 
dance” a prehistoric astronomical observatory and calendar; nevertheless, one need 
not believe Timm’s opinion that the “Stone-dance” was exclusively for astronomi- 


’ 
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cal purposes. 

In former times and among all Germanic peoples, the cultivation of science, 
particularly astronomy, lay in the hands of the priests, and there appeared out of 
this a certain connection between cult festivals and seasonal terminations. We may 
readily see that today holidays as a rule, come on certain fixed dates, and that they 
were originally days which introduced new periods in the yearly motion of the 
sun. But the most important of such periods was for more than 3000 years con- 
sidered by the builders of the “Stone-dance” to be the feast of the winter solstice, 
the triumph of light over darkness, an illustration of re-awakening life over death, 
and which we continue yearly to celebrate through the beautiful customs of our 
Christmas season.—Dr, G. V. 





Book Reviews 





Bibliography of Early American Textbooks on Algebra, by Lao Genevra 
Simons, has recently been published by Scripta Mathematica, Yeshiva College, 
New York City. This is intended to list all the textbooks on algebra published in 
the Colonies and the United States through 1850, together with a characterization 
of the first edition of each work. Seventy-one separate treatises, some having sev- 
eral editions, by fifty-four authors are included. 

The list shows the first one to have been issued in 1730, and is said to be the 
first book printed in what is now the United States of America. The author was 
Pieter Venema. Only three others were issued before the close of the eighteenth 
century. The comments concerning the several textbooks listed afford interesting 
and entertaining reading 





Astrographic Catalogue 1900.0.—A new volume of this catalogue has re- 
cently appeared. It is designated as the Hyderabad Section, Part III, and is issued 
as Volume X of the Publications of the Nizamiah Observatory, Osmania Univer- 
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sity, Hyderabad, India. It includes measures of rectangular coordinates and 
diameters of 64,791 star images on plates with centers in declination +38°, cover- 
ing the zone from 35° to 40° of north declination. The price is stated as £1 net. 





The Structure of the Milky Way is the title of a pamphlet recently issued as 
a supplement to Amateur Astronomy by Torsten R. Hedengren. It consists of 
sixty pages and contains numerous diagrams and tabulations. The components,— 
stars, clusters, nebulae,—of the Milky Way are considered and the known proper- 
ties of them recounted. By new arrangements the author arrives at some new 
conclusions. It is prepared with great care and the author evidently made a care- 
ful and critical study of the material he uses. 





Astronomie, by Oswald Thomas. (Published by “Das Bergland-Buch,” 
Deutsche Vereins-Druckerei A. G., Radetzkystrasse 15-17, Graz, Germany.) 

Although this work appeared in 1934, we have not yet mentioned it in these 
pages. For this delay we owe and offer our apologies to the author and the pub- 
lishers. This work, as the title indicates, is in the German language, and, since 
relatively few American readers are sufficiently familiar with that language to 
read it readily, the volume will probably not become very widely known here. 
However, it is well that students of astronomy know of the literature of their 
chosen field even though it may be in a foreign language. Those who do not find 
the language a barrier will be well repaid by examining this volume. The author 
has avoided all mathematical formulae but he has, nevertheless, touched upon and 
in most cases discussed fully and clearly the classical and the modern theories as 
well. 

One important and very commendable feature of the book is the large number 
of illuminating illustrations. There are 275 diagrams drawn by the author him- 
self. Many of these are original and ingenious, and very well suited to their pur- 
pose. The text, written in a very easy style, is further clarified by these drawings. 
In addition one finds thirty-one full page plates presenting reproductions of many 
of the finest celestial photographs obtainable. One also finds numerous tables of 
almost every conceivable kind of data. It affords a compendium of astronomical 
facts such as is rarely found in a single volume. 

It consists of nearly 600 pages, is well printed and bound, and is to be highly 
recommended as an authoritative reference work for any library which is used by 
workers in the natural sciences. 





Transactions of the International Astronomical Union, Volume V, 1935. 
(Cambridge University Press, Felter Lane, London, E. C. 4. 15s.) 

This volume issued in 1936 contains the record of the activities of the Fifth 
General Assembly of the International Astronomical Union which was held at 
Paris, July 10 to July 17, 1935. It was edited by Professor F. J. M. Stratton, the 
general secretary. 

The size of this volume, in comparison with that of the preceding ones in the 
series, is indicative of the increase in the scope of the work of this organization. 
The numbers of pages in the five volumes are, respectively, 248, 288, 348, 328, and 
430. Obviously, in a brief review of a volume of this size only the merest mention 
of the contents can be made. 

It is divided into seven parts as follows: Part I, Reports and Recommenda- 
tions; Part II, Inaugural Ceremony and General Assembly; Part III, Meetings of 
Commissions, July 11-16; Part IV, The General Assembly, July 17; Part V, 
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Resolutions Adopted; Part VI, Statutes and Cipher Code for Telegrams; Part 
VII, Membership Lists. These parts consist of 264, 16, 70, 18, 10, 26, and 25 pages, 
respectively. The contents of Parts I and III furnish the reader with the latest 
information bearing on the various types of astronomical work as it is allocated 
to thirty-one commissions. Since the membership of the several commissions in- 
cludes those astronomers, the world over, who are most active in the respective 
fields, these reports are also authoritative and dependable. 

For those less interested in technicalities and more in personalities, Part VII 
will serve as a brief “World’s Who’s Who in Astronomy.” 

In any astronomical observatory this volume will be referred to frequently be- 
cause of the accurate and varied information it contains. 

Indian Mathematical Society, Jubilee Commemoration Volume. (The Indian 
Mathematical Society, Fergusson College, Poona 4, India.) 


The handsome volume of the above description, although issued in 1934, has 
recently been received. It presents an account of the eighth conference of the 
Society, held at Bombay University in December, 1932, which marked the twenty- 
fifth year of the history of the Society, hence the special celebration. Ninety dele- 
gates, mostly Indian mathematicians, attended the conference. There were ad- 
dresses by the Governor of Bombay and by the Mayor of Bombay and other offi- 
cials. The business and technical sessions of the three days were interspersed 
with attractive social occasions. 

The last two hundred pages of the volume contain the text of the thirty-five 
mathematical papers which were presented to the conference. It is of interest to 


note that two of these were by American mathematicians, namely, Professor R. C. 
Archibald, whose paper was entitled, “George Hermann Valentin, 1848-1926,” 
and Professor E. T. Bell, “An Algebra of Numerical Compositions.” 

The volume indicates considerable activity in the field of mathematics in India, 





Publications Received.—The publishers of PopuLAR Astronomy hereby ac- 
knowledge the receipt if the following named publications and express their great 
appreciation of the courtesy shown on the part of those who have sent them. 

Contributions from the Mount Wilson Observatory: 

Nos. 548, 549—The Luminosity Function of Nebulae, by Edwin Hubble. 
I. The Luminosity Function of Resolved Nebulae as Indicated by 
their Brightest Stars. 

II. The Luminosity Function as Indicated by Residuals in Veloci- 

ty-Magnitude Relations. 
Variations in the Spectrum of P Cygni, by O. C. Wilson. 
Low-Dispersion Spectra of Red Stars, by Rupert Wildt. 
The Motions of Prominences of the Eruptive and Sun-Spot Types, by 
Edison Pettit. 
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Contributions from the Perkins Observatory: 
5. Photometry of the Diffuse Nebula NGC 7023, by Philip C. Keenan. 
. 6. The Spectrum of Nova Lacertae, 1936, by N. T. Bobrovnikoff. 

















